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E   R   R   A   T  A. 

Pageiv.  line  13,  for  chin  read  upper  lip  within  the  fade. 
Page  xii.  line  4,  for  is  read  be.  Page  xx.  line  7,  for  excite 
read  excited.  Page  xxiii.  line  19,  for  at  read  of.  Page  lxi. 
line  14,  for  mean  read  refult.  Page  lxxviii.  line  1,  for  of 
read  for.  Page  lxxxviii.  line  10,  for  inflammable  read  uniat 
flammable.  Page  cxli.  line  18,  for  <witb  the  bodies  read  with 
bodies.  Page  cxix.  line  10,  after  air,  read  more  than  by  one 
another.  Page  clxxxv.  line  14,  omit  more.  Page  clxxxvii. 
line  vi,  for  phi lologifs  read  phyfiologifls.  Page  exci.  line  12, 
for  walking  read  waking.  Page  ccxi.  line  2,  after  read 
either  atmofpherical  or  dephlogiflicated.    See  alfo  page  cxi,  &c. 

Note.  To  what  is  faid  in  the  Appendix  relative  to  the  four 
principles,  may  be  added,  that  particles  of  fire  feem  to  attract 
aether  more  than  they  do  one  another,  and  more  than  they  do 
particles  of  earth.  And  that  particles  of  phlogifton  attract 
aether  more  than  they  do  one  another,  but  lefs  than  they  do 
particles  of  earth.  The  rcafons  for  this  opinion  will  eafily  be 
perceived  by  thofe  who  read  the  laft  Eflay. 


P  R  E  F  A  C  E. 


HOSE  who  have  any  acquaintance  with 


A  the  Prefs  know  that  the  firft  fheet  of  a 
book,  containing  the  title  page,&c.  is  generally 
printed  laft.  This  remark  may  account  for 
fome  paflages  in  the  fequel. 

The  firft  of  the  following  EfTays I  have  had 
by  me  many  years,  and  have  my  reafonsfor  men- 
tioning that  it  is  taken  from  a  folio  manufcript 
containing  many  other  inquiries,  which  was 
in  the  hands  of  perfons,  not  my  friends,  fo  long 
ago  as  the  year  17725  the  greater!  part  of  that 
manufcript  was  written  long  before  :  and  the 
fubftance  of  the  ElTay  alluded  to,  has  been  in 
the  poifemon  of  a  refpe&able  philofophical  cha- 
racter near  three  years,  though  it  has  not  till 
now  been  convenient  for  me  to  make  it  public. 

In  the  fecond  Eflfay,  I  forgot  to  mention  that 
the  note  1,  in  the  fcale,  page7o,  for  the  violin, 


may 


vi  ?    ft    E    F    A    C  E. 

may  be  called  C  ;  and  fo  in  proportion  for  the 
larger  inflruments ;  or  elfe  the  name  may  be 
varied  by  tuning  higher  or  lower,  as  mentioned 
in  the  Effay.  The  firings  fitted  to  the  violin 
may  be  very  fmall  fourths,  or  good  thirds  of 
the  leffer  fize.  I  once  fitted  a  guittar  with  fix, 
and  afterwards  with  eight  firings,  regularly 
tuned  on  the  idea  of  that  fcale,  and  convinced 
myfelf  that  the  hint  might  be  profecuted  to 
advantage  on  viols.  By  tuning  eight  firings 
according  to  the  mufical  intervals  of  an  odlave, 
the  compafs  of  a  fifteenth  may  be  obtained, 
without  having  recourfe  to  any  of  the  difficult 
frets,  or  lefs  melodious  notes.  And  the  fame 
compafs  (which  is  fufficient  for  mofl  perform- 
ances) may  be  commanded  with  only  fix  firings, 
by  taking  in  notes  above  the  one  fourth  fret, 
which  notes  will  flill  be  good,  and  not  difficult 
to  hit.  Six  firings  can  eafily  be  managed  with 
the  bow  :  for  greater  nicety  in  the  execution, 
the  frets  may  be  marked  j  and  perhaps  it  will 
be  found  more  convenient  to  ufe  the  notes  on 
the  two- fifth  divifion,  inflead  of  thofe  on  the 
one-fifth,  as  there  will  then  be  no  occafion  to 
fliift  the  hand.  An  inflrument  of  this  kind  might 
cither  be  played  by  itfelf,  or  ufed  to  ftrike  in 

the 


PREFACE.  vii 

the  harmonic  notes  occafionally  in  a  concert, 
&c.  where  their  effect,  would  be  much  finer, 
than  when  only  drawn  from  a  common  inftru- 
ment  tuned  fifths,  as  would  be  found  on  trial. 
I  did  not  think  to  infert  a  fcale  for  the  viol  di 
gamba ;  but  it  may  eafily  be  conftrutted  by 
thofe  who  underftand  the  theory.  It  may  be 
remarked,  that  o&ave  notes  on  the  fame  firing, 
are  rather  bearing;  and  the  like  may  be  obfer- 
ved  of  the  other  intervals  :  the  reafon  will  be 
obvious  to  thofe  who  read  that  EfTay. 

In  regard  to  the  laftEfTay,I  have  been  a  little 
unfortunate,  as  a  moft  excellent  treatife  has  been 
publiflied  on  the  fubjedlby  Mr.  Crawford  fince 
mine  was  in  the  prefs  * :  thofe  who  have  read 
that  truly  admirable  work,  will  therefore  find 
fome  errors,  which  otherwife  perhaps  they 
would  not  have  known  to  have  been  fuch,  at 
leaft  for  the  prefent.  My  performance  may  be 
compared  to  the  firft  dawn  of  twilight ;  Mr. 
Crawford's  to  meridian  funfliine  :  and  it  is  ra- 
ther an  unlucky  chrumftance  that  the  latter 

*  It  was  no  fault  of  the  Author  (as  could  be  made  appear 
were  it  neceflary)  that  this  work  was  not  publiflied  in  June 
laft. 

fliould 
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mould  have  appeared  before  the  former.  Yet 
it  ought  to  be  remembered  how  highly  Des 
Cartes'  philofophy  was  admired,  even  by  the 
moft  learned,  before  Newton's  Principia  ap- 
peared. It  may  be  added,  that  Mr.  Crawford 
had  the  advantage  of  being  able  to  profecutc 
the  inquiry  by  experiments  ;  whereas  I,  having 
been  lefs  eligibly  fituated  in  life,  could  only 
proceed  by  mere  fpeculation,  or  guefs-work. 

For  the  fame  reafon,  I  have  not  been  able 
to  pay  that  attention  to  the  ftyle  which  is  ne- 
ceffary  to  a  work  intended  for  the  Public. 
The  ill-natured  critic  will  alk,  why  then  did  I 
publifti  at  all  ?  I  anfwer,  that  I  mould  not  have 
troubled  the  world  with  thefe  EfTays,  if  better 
judges  than  me  had  not  thought  that  they  con- 
tained  hints  which  thofe  who  have  leifure  and 
proper  conveniencies  might  improve  into  real 
difcoveries :  a  fe&ion  *  in  Dr.  Prieftley's  cele- 
brated Hiftory  of  Electricity  will  fufticiently 
juftify  my  conduit  in  this  refpett. 

*  Part  IV.  fe£tion  I. 


P  H  I  L  O- 


OBSERVATIONS 


ON  THE 

SENSES, 


SECTION  I. 
OF  VISION. 

THE  ufes  of  the  feveral  humours  and  coats 
of  the  eye,  and  the  manner  in  which  light 
is  ref rafted  by  them  for  forming  the  images  of 
objccls  on  the  retina,  have  already  been  explain- 
ed by  philofcphers.  My  defign  is,  to  endeavour 
to  fliow  in  what  manner  light  a£ls  after  it  ar- 
rives at  the  retina,  for  caufmg  the  appearance 
of  lumination  or  colour.  This  branch  of  optics 
has  alfo  been  cultivated ;  but  as  a  confideratiori 
of  what  happens  in  this  fenfe,  will  ferve  to  il- 
luftrate  what  I  have  to  advance  concerning  the 
ear,  I  mail  enlarge  on  it,  regardlefs  of  what 
may  already  have  been  written  on  the  fubject.j 
efpecially  as  my  obfervations  are  of  a  new 
kind;  or  at  leaft  have  not  hitherto  been  fo fully 
attended  to. 

A  It 
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It  has  been  frequently  obferved,  that  if  the 
corner  of  the  eye  be  prefTed  with  the  finger^  a 
luminous  fpot  or  ring  will  appear,  fomewhat 
differently  coloured ;  and  that  from  a  ftroke 
on  the  eye,  an  appearance  like  a  flam  of  fire 
has  fometimes  been  obferved. 

After  repeated  trials,  and  putting  myfelf 
to  {cme  pain,  I  learnt  that  by  preffing  the  balls 
of  my  eyes  with  my  hands,  in  the  direction  of 
their  axes,  with  as  much  force  as  I  could  bear, 
keeping  them  fteady,  and  affifting  the  preffure 
with  the  ftrong  compreffion  of  the  lids,  and 
contraction  of  the  neighbouring  mufcles,  there 
would,  after  fome  time,  appear  a  large  lumi- 
nous fenfation  like  a.  concave  hemifphere  of  light, 
but  not  very  lucid,  and  chequered  (often  in  a 
very  regular  manner)  with  dark  and  lefs  lucid 
intervals.  If  the  preffure  be  continued,  and  the 
eyes  winked  very  flrongly,  the  appearance  will 
be  much  brighter,  and  will  feem  to  tremble. 
There  will  fometimes  alfo  appear  large  crooked 
ftreaks  of  light,  much  brighter  than  the  other 
parts,  and  with  certain  vermicular,  or  eel-like 
motions.  By  increafing  the  preffure  till  the 
eyes  become  quite  hot  and  red,  the  light  will 

be 
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be  at  the  brighteft,  and  almoft  as  lucid  as  at 
noon  clay  :  till  this  time  the  appearance  is  ge- 
nerally of  a  whitifh  colour,  tinctured  with 
yellow,  or  -orange,  like  the  fun  ;  or  rather  like 
the  light  of  the  moon,  or  a  candle.  By  conti- 
nuing the  extreme  preffure,  the  brightnefs  of 
the  appearance  begins  to  decay,  and  the  colour 
gradually  changes  fi  om  a  reddifti  and  yellowilh 
white,  to  a  bluifh  one  ;  and  fometimes  feveral 
kinds  of  coloured  fpots  will  appear,  as  red, 
green,  blue,  and  a  line  violet  which  generally 
difappears  the  laft,  and  thofe  more  verging  to 
red  fooneft  ;  for  now  the  light  totally  vanilhes, 
nor  can  it  be  recalled  by  a  Continuation  or  in- 
creafe  of  the  preffure.  If  now  the  hands  be 
removed,  and  the  eyes  opened,  they  will  be 
quite  blind  even  to  the  direct,  light  of  the  fun  j 
and  it  will  be  fome  time  before  they  recover 
their  fight,  and  then  but  by  degrees. 

This  experiment  is  very  painful,  and  it  is 
not  every  one  that  would  choofe  to  repeat  it 
after  me  with  the  requifite  care.  Before  I  pro- 
ceed farther,  it  may  be  neceffary  to  clear  up 
fome  particulars  which  are  to  be  met  with  in 
the  above  account. 

A  2  The 
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The  luminous  appearance  feems  like  a  con- 
cave hemifphere,  or  parabolic  conoid  ;  it  feems 
to  furround  the  face  only,  and  not  the  whole 
body.  For  example,  if  I  prefs  the  corner  of 
either  eye,  a  ring  of  light  will  appear  on  the 
fide  of  the  face  oppofite  thereto ;  and  by  re- 
moving the  finger  at  intervals  all  round  the 
margin  of  the  eye,  the  ring  will  appear  to  move 
all  round  the  face :  that  is,  when  the  finger  is  on 
the  right  fide  of  the  eye,  the  fpot  or  ring  will 
appear  on  the  left  fide  of  the  face  ;  and  contra- 
riwife.  Alfo,  when  the  finger  is  above  the  eye, 
the  fpot  appears  as  if  it  was  about  the  chin ;  and 
when  the  finger  is  under  the  eye,  the  fpot  ap- 
pears as  if  upon  the  forehead  ;  but  in  all  thefe 
cafes,  provided  the  edge  or  margin  of  the  re- 
tina be  prefTed,  it  feems  as  if  it  was  clofe  to  the 
face.  So  when  the  lumination  is  excited  in 
the  manner  above  defcribed,  the  margin  of  it 
feems  to  touch  the  face,  but  the  centre  of  it 
appears  as  at  fome  diltance  from  the  face,  and 
the  dillance  is  lefs  as  you  approach  towards  the 
margin;  which  gives  the  whole  the  refemblance 
of  a  concave  fegment  of  a  fphere,  or  parabolic 
conoid,  as  mentioned  above.  Alfo  the  two  eyes 
form  but  one  hemifphere,  as  I  know  by  caufing 

this 
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this  lumination  by  premng  one  eye  only.  Now 
as  thefe  are  affairs  (I  think)  merely*  mechani- 
cal, or  refulting  from  organization,  .and  in 
which  I  could  not  have  been  minVd  by  cuftom 
or  habit,  as  is  the  cafe  in  many  inftances  of 
common  vifion,  thefe  appearances  having  oc- 
curred at  the  very  firft  time  of  exciting  the 
above  lumination,  may  they  not  be  made  ufe 
of  to  fettle  the  famous  difputes  concerning  the 
inverfion  of  images  in  the  eye,  and  feeing  fingly 
with  both  eyes  ?  Has  not  every  part  of  the 
retina  of  one  eye  an  anfwerable  part  in  the 
other  ?  Do  not  the  correfponding  fibres  of  the 
right  fides  of  both  eyes  meet  in  the  brain,  and 
terminate  in  the  left  fide  of  the  fenfory  ?  Thofe 
in  the  left  fides  of  both  eyes,  in  the  right  fide 
of  the  fenfory  ?  and  thofe  in  the  upper  and 
lower  parts  of  the  retinas  of  both  eyes  in  the 
contrary  parts  of  the  fenfory,  fo  as  to  be  in  an 
inverted  fituation  in  the  latter,  to  what  they 
are  in  the  former  *  ? 

But 

*  The  moll  decifive  experiment  that  I  have  met  with  againit 
the  junction  of  the  refpective  fibres  of  both  eyes  is  that  blue 
pnd  yellow  thrown  feparately  on  the  anfwerable  parts  of  both 

A  3  retina 
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But  it  is  moft  worthy  of  remark,  that  by 
prefling  the  margin  of  cither  eye,  the  ring  ap- 
pears not  as  on  the  oppofite  fide  of  that  eye, 
but  of  the  face.  Alfo  the  concavity  of  the 
luminous  appearance  which  arifeth  on  prefling 
the  centre  of  the  eye,  and  its  furrounding  not 
the  whole  body,  nor  merely  the  eye,  but  the 
face,  mew  that  the  retina  in  the  brain  encom- 
panes  the  whole  of  that  portion  of  the  fenfory 
which  anfwers  to  the  face. 

The  luminous  appearance  which  arifeth  on 
prefling  the  centres  of  the  eyes,  as  defcribed 

retina;  do  not  caufe  a  green.  The  correfponding  fibres  are  not 
perhaps,  unite"d,  becaufe  then  if  one  nerve  was  difordered  or 
deftroyed,  the  other  would  alfo.  They  may  only  run  by  the 
fides  of  each  other,  or  even  in  contrary  directions,  and  ter- 
minate in  the  brain  fo  as  to  form  two  different  furfaces,  con- 
centric, and  at  a  fmall  diflance  from  each.  And  this  feems  to 
appear  by  certain  circumftances  of  the  chequers  in  prefling 
both  eyes  j  in  other  rcfpefts  the  opinion  feems  to  be  well 
founded.  Thus  any  two  anfwerable  parts  of  the  eyes,  whe- 
ther excited  by  the  rays  of  light,  or  by  prefling  the  corners  or 
centres,  yield  but  one  fenfation,  as  if  but  one  eye  had  been 
affected ;  excepting  that  the  fenfation  is  ftronger.  In  fquint- 
ing  eyes  the  ball  is  perhaps  difrorted  with  refpect  to  the  reti- 
na, which  may  account  for  any  feeming  deviation,  in  thefe 
"mrtances,  from  the  above  rule. 

above, 
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above,  is  chequered  ;  that  is,  fome  parts  of  it 
are  darker  than  others,  and  fometimes  there 
appear  fpots,  and  ftreaks  which  are  much 
brighter  than  the  other  parts  of  the  lumina- 
tion.  The  caufes  of  which  I  take  to  be  that 
the  furface  of  the  retina  is  not  even  or  fmooth, 
but  has  prominencies  or  ridges  anfwerable  to 
the  regular  form  of  the  chequers,  and  which 
may  refult  from  its  ftrutture  * ;  fo  that  the 
vitreous  humour  muft  prefs  on  it  unequally, 
and  by  that  means  caufe  fome  parts  of  the  ap- 
pearance to  look  brighter,  and  others  darker  : 
for  the  caufe  of  the  lumination  is  in  the  retina, 
as  will  prefentlybe  (hewn.  The  apparent  trem- 
bling I  take  to  proceed  from  the  trembling  of  the 
eye  and  retina,  on  account  of  the  violent  pref- 
fure  ;  the  moving  vermicular  ftreaks  may  arife 
from  the  convulfion  of  the  membranes,  or  coats 
of  the  eye  impreffed  on  the  retina,  and  perhaps 
alfofrom  the  convulfions  and  tremblings  of  thefe 
parts  themfelves ;  the  blindnefs  arifeth,  I  fup- 
pofe,  from  the  univerfal  oppreffion  of  the  fibres 
of  the  optic  nerve  expanded  in  the  retina,  and 
this  paralyfis  of  them  I  take  to  be  the  reafon 


*  From  its  net-like  ftruclure  it  derives  its  name  (Retina) , 

A  4  why 
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why  the  eyes  do  not  recover  their  fight  imme- 
diately, but  by  degrees  ;  becaufe  it  mud  be 
fome  time  before  the  nerves  can  be  relieved 
from  their  opprefilon,  fo  as  again  to  communi- 
cate the  action  cf  the  rays  of  light  on  them 
freely  to  the  fenfory. 

Wh  en  the  corner  of  the  eye  is  prefled  with 
the  finger  in  the  ufual  way,  there  does  not  ap^- 
pear  an  univerfal  iumination,  as  on  preffing  in 
the  direction  of  the  opti?;  axis,  but  only  a  fmall 
ring  or  fpot  of  light  about  half  an  inch  in  dia- 
metre.  There  is  alfo  this  difference  between 
them,  that  the  fpot  caufed  by  the  lateral  prcf- 
fure  prefently  disappears,  unlcfs  the  eye  be 
ftruck  repeatedly,  or  with  a  quavering  motion  ; 
whereas  the  Iumination  excited  by  preffing  the 
centres  of  the  eyes,  continues  without  requir- 
ing fuch  quavering  motion.  The  reafbn  of 
this  difference  I  take  to  be,  that  in  the  flrft 
cafe  only  a  fmall  part  of  the  globe  of  the  eye 
is  protruded  on  the  retina  by  the  oblique  pref- 
fnre,  and  cf  courfe  only  a  fmall  fpot,  propoiv 
tional  thereto,  is  excited  in  the  fenfory.  The 
reafon  why  it  fo  foon  difappears  is,  I  take  it, 
Jsecaufe  the  globe  being  foft,  and  preffed  but  ob- 
liquely. 
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liquely,  gives  way,  and  changeth  its  figure  fo  as  to 
make  the  preffure  on  the  retina  equal  5  whence 
the  partial  preffure  made  by  the  protrufion 
on  the  retina  there  being  removed,  the  lumi- 
nous fpot  difappears  ;  but  if  the  finger  be  lifted 
up,  or  the  preffure  leffened,  the  globe  prefently 
recovers  its  figure  ;  and  if  ftruck  by  the  finger 
again,  the  fame  partial  protrufion,  and  lumi- 
nous fpot  arifing  therefrom  will  be  caufed,  but 
which  will  again  pi  cfently  difappear,  by  reafon 
of  the  globe  changing  its  figure  as  above  ;  and 
hence  the  neceflity  of  the  quavering  motion  of 
the  finger  to  preferve  the  ring  *.  But  thefe 
things  do  not  happen  on  preffing  the  centre  of 
the  eye,  becaufe  there  is  then  no  room  for  the 
globe  to  elude  the  preffure,  which  in  this  cafe  is 
therefore  general ;  fo  that  the  lumination  once 
excited,  continues  as  long  as  the  preffure  re- 

"*  By  preffing  the  corner  of  the  eye  harder  than  ufual,  I 
have  fometimes  excited  two  rings,  one  on  each  fide  of  the  face; 
that  at  the  fide  oppofite  to  the  corner  prefled  arofe  in  the 
ufual  way  ;  the  other,  I  imagine,  from  the  effe£t  of  the  pref- 
fure pc;ffin^  diametrically  through  the  globe,  and  caufing  a 
protrufion  on  the  oppofite  part  of  the  retina. 

mains, 
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mains,  or  till  the  nerves  become  paralytic.  And 
even  if  the  lateral  preffure  be  continued  and 
increafed  for  fome  time  after  the  luminous 
ring  difappears,  there  will  arife  an  univerfal 
lumination,  as  on  prefling  the  centre  of  the  eye 
with  the  ball  of  the  hand,  and  for  the  fame 
reafon.  But  the  experiment  is  fo  painful  that 
it  cannot  be  made  to  advantage. 

These  experiments  are  bell  made  in  the 
dark  and  in  bed.  Before  and  after  fleep,  or 
fainting,  the  lumination  defcribed  above  ap- 
pears in  fome  meafure  even  without  prclfing 
the  eye.  Luminous  fparkles  are  alfo  perceived 
by  a  perfon  in  a  dark  room,  caufed  merely,  I 
fuppofe,  by  the  action  of  the  circulating  fluids, 
Sec.  on  the  retina. 

Now  the  general  conclufion  which  I  would 
draw  from  what  has  been  faid  is,  "  That  co- 
lours are  liable  to  be  excited  in  the  eye  which 
do  not  at  all  depend  on  the  rays  of  light."  A 
conclufion  which  I  imagine  no  perfon,  who 
properly  confiders  the  experiments,  will  refufe 
me. 

From 
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From  the  analogy  difcovered  by  Sir  Ifaac 
Newton  between  the  vibrations  of  the  rays  of 
light,  and  thofe  of  mufical  firings,  or  of  the 
pulfes  of  air  for  caufmg  mufical  founds,  it  is 
concluded  that  thefe  rays  caufe  vifion  by  means 
of  their  vibrations  ;  and  that  the  different  co- 
lours, like  notes  of  mufic,  depend  on  the  diffe- 
rent times  of  the  vibration  :  may  we  not 
therefore  infer,  "  that  fmce  colours  may  be 
excited  in  the  eye,  independent  of  the  pulfes  of 
the  rays  of  light,  they  are  caufed  by  vibra- 
tions liable  to  be  excited  in  the  eye,  of  the 
fame  times  as  thofe  of  the  rays  of  light  ?  And 
that  as  there  are  different  kinds  or  tones  of  co- 
lour, there  are  alfo  as  many  different  times  of 
vibration  for  caufing  them  ?"  For  the  luminous 
appearance  which  arifeth  on  preffing  the  centre 
of  the  eye,  is  in  general  white  like  the  fun's 
light,  or  rather  like  that  of  the  moon,  or  a  candle. 
But  fuch  a  colour  as  this  is  found  by  refracting 
light  to  be,  not  an  original  or  fimple  colour, 
but  compounded  of  others  ;  as  red,  yellow, 
green,  blue,  and  violet,  with  all  their  interme- 
diate fhades  anfwerable  to  the  degrees  of  re- 
frangibility.  And  by  parity  of  reafon,  fince  the 

like 
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like  white  colour  arifeth  on  premng  the  eye, 
this  alfo  cannot  be  a  iimple  colour,  but  one 
compoled  of  the  Tame  ingredients;  that  it  is  fo 
appears  by  the  experiment  above  defcribed; 
for  there  fome  of  the  ingredients  appeared  ei- 
ther feparate,  or  much  lefs  compounded.  And 
even  the  white  varies  its  colour,  being  fome- 
times  a  reddifh  or  yellowifli  white,  and  at  other 
times  verging  to  a  blue.  The  ring  or  fpot 
which  appears  on  preffing  the  corner  of  the 
eye,  is  likewife  fometimes  varioufly  coloured, 
as  others  have  obferved.  Alfo  if  this  ring  be 
made  very  luminous,  it  is  tinctured  with  yel- 
low or  red ;  but  if  it  is  faintly  excited,  it  is 
rather  inclined  to  a  greenifh  blue,  as  is  the  cafe 
in  the  central  preffure.  Now,  by  applying  the 
old  maxim  of  philofophers,  that  "  Nature  does 
*c  nothing  in  vain,"  may  we  not  be  allowed  to 
draw  the  following  conclufions  ?  viz.  "  That 
the  rays  of  light  could  not  conveniently  be  made 
to  communicate  their  vibrations  immediately 
to  the  nerves,  but  that  the  interpofition  of 
thofe  fhewn  to  exift  in  the  retina  was  necelfary 
to  that  end.  That  therefore  there  are  in  the 
retina  different  times  of  vibration  liable  to  be 

excited, 
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excited,  anfwerable  to  the  times  of  vibration  of 
the  feveral  forts  of  rays.  That  any  one  fort 
of  rays,  falling  on  the  eye,  excite  thofe  vibra- 
tions, and  thofe  only  which  are  in  unifon  with 
them,  not  at  all  affecting  the  others,  and  there- 
fore caufe  only  their  proper  colour.  And  that 
in  a  mixture  of  feveral  forts  of  rays,  falling 
on  the  eye,  each  fort  excites  only  its  unifon 
vibrations,  whence  the  proper  compound  co- 
lour refults  from  a  mixture  of  the  whole. 


N.  B.  As  the  following  remark  relates  to  vi- 
fion,  it  may  be  here  f unjoined. 

Ma  r  riot  t  e  has  publifiied  a  curious  expe- 
riment which  mews  that  there  is  an  infenfible 
fpot  in  the  retina,  at  the  entrance  of  the  optic 
nerve.  If  an  object,  be  looked  at  whofe  image 
occupies  the  whole  furface  of  the  retina,  one 
would  imagine  from  thence  that  an  hole  or 
dark  fpot  mould  be  perceived  in  the  part  of 
the  object  anfwerable  to  the  infenfible  fpot  in 
the  retina ;  but  no  fuch  fpot  or  hole  is  feen. 
I  have  obferved  that  images  which  fall  near 

that 
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that  fpot  arc  not  perceived  as  properly  defined. 
In  the  concave  lumination  excited  by  prefling 
the  centre  of  the  eye  alfo,  no  fuch  fpot  is  dif- 
cernible.  There  is  no  fuch  fpot  or  Vacuity 
therefore  in  the  retina  of  the  fenfory  (if  I  may 
be  allowed  the  expreffion)  ;  it  feems  to  be  filled 
tip  by  the  fibres  of  the  optic  nerve  difperfed 
around  the  fpot  in  the  eye  :  hence  the  ill  de- 
fined images  there. 


SEC  T. 


OBSERVATIONS. 


15 


SECTION  II. 

OF  TASTE,  SMELL,  AND  FEELING. 

IglNCE  the  difcovcry  of  the  analogy  between 
colours  and  founds,  the  various  kinds  of 
taftes  and  fmells  have  been  conlidered  as  fo 
many  different  tones  or  notes  of  thefe  fenfa- 
tions.  In  what  manner  liquids  and  odours  acl 
on  the  organs  for  the  purpofe  of  cauling  the 
refpe&ive  fenfations,  whether  by  vibration  or 
otherwife  I  pretend  not  to  determine.  x\ll  that 
I  have  to  obferve  on  the  fubjecl  is,  that  with 
regard  to  tafte  and  fmell,  the  cafe  is  not  the 
fame  as  hath  been  fhewn  with  refpect  to  the 
eye :  that  is,  "  There  are  no  innate  taftes  or 
fmells  liable  to  be  excited  by  preffing  or  irri- 
tating thele  organs,  as  is  the  cafe  with  the  co- 
lours in  the  eye  at  leaft  I  have  not  been 
able  to  difcovcr  any  fuch  by  the  experiments 
that  I  have  made  :  and  therefore,  if  odours  and 
liquids  caufe  taftes  and  fmells  by  means  of  vi- 
brations, they  muft  aft  immediately  on  the 
nerves. 

Wh  ether 
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Whether  feeling,  or  pain,  be  caufed  by 
vibration,  or  in  what  other  manner,  I  alfo  can- 
not determine,  though  I  fufpecl  the  former.  I 
have  only  to  obferve,  that  the  manner  in  which 
this  fenfation  is  ordinarily  excited  is  different 
from  what  happens  in  the  eye.  Vifion  is  ufu- 
ally  excited  by  unifon  vibrations,  though  it 
may  be  caufed  by  preffure  or  irritation,  as  hath 
been  fhewn  :  "  but  feeling  or  pain  is  ordinarily 
excited  by  mere  irritation  or  preffure."  In 
which  refpecl:  it  alfo  differs  from  tafling  and 
Gnclling. 

N.  B.  Th  e  fenfes  are  ufually  reckoned  but 
five;  I  would  add  thirft,  hunger,  heat,  cold7 
titillation,  Sec.  But  of  thefe  I  have  nothing  to 
fay  but ' what  may  be  collected  from  the  ob- 
fervations  on  taftes,  fmells3  and  pain. 


SECT. 
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SECTION  III. 

OF  HEARING. 

T  HAVE  purpofely  deferred  the  confideratioii 
of  this  fenfe  till  laft,  becaufe  there  are  fome 
particulars  of  the  others  which  will  be  proper 
for  ill  uftra  ting  what  I  have  to  advance  con- 
cerning this.  It  appears  that,  in  the  different 
fenfes,  different  modes  of  operation  of  the  re- 
fpe&ive  agents  take  place.  In  the  organs  of 
tafte  and  fmell,  liquids  and  odours  communi- 
cate their  adtion  immediately  to  the  nerves. 
In  feeling,  or  pain,  nothing  but  irritation  is 
employed.  But  vifion,  though  it  may  be  ex- 
cited by  mere  irritation,  as  hath  been  been 
fhewn,  and  as  is  the  cafe  with  the  fenfe  laft 
mentioned  ;  yet  for  obtaining  the  fhapes  of  ob- 
jects, and  for  other  purpofes  of  feeing,  it  was 
heceffary  to  employ  the  rays  of  light ;  which 
yet  do  not  act,  like  liquids  and  odours,  imme- 
diately on  the  nerves,  but  by  the  mediation 
of  unifon  vibrations.  It  has,  I  think,  been  ge- 
nerally fuppofed,  that  the  cafe  with  the  fenfe  of 

B  hearing 
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.  hearing  is  fimilar  to  what  has  been  faid  con- 
cerning tafte  and  fmell,  viz.  that  the  vibrations 
.  of  the  air  are  communicated  immediately  to  the 
•  auditory  nerve.  But  that  this  is  not  true,  may 
perhaps  be  concluded  from  the  following  ob- 
fervations. 

Jt  has  been  remarked  by  others,  that  when  a 
•pei'fon  is  fleepy,  or  tired,  when  the  ears  arc 
fwelled  by  means  of  a  cold,  Sec.  before  and  af- 
ter fleeping,  or  fainting,  in  gaping  wide,  and 
on  other  occafions  ;  but  particularly  when  the 
cars  are  violently  (truck,  a  noife  is  femetimes 
heard,  called  vulgarly  "  a  fmging  or  ringing  in 
"  the  ears  having  obferved  it  in  myfelf,  and 
particularly  twice,  when  I  heard  feveral  diftindt 
mufical  founds,  I  conceived  the  phenomenon  to 
be  worthy  of  notice,  and  proceeded  to  examine 
it.  It  would  be  tedious  to  recount  the  methods 
which -I  pradtifed,  and  the  pain  I  fometimes 
put  myfelf  to  in  order  to  find  out  a  method  of 
exciting  thefe  founds.  Let  it  fuffice,  that  by 
frrongly  contracting  the  mufcles  on  the  fides  of 
my  head,  and  thrufting  my  fingers  into  my  ears, 
preffing  different  parts  of  them,  more  eafy  to  be 
learnt  by  experiment  than  defcription,  I  could 

at 
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at  any  time  excite  them,  in  a  confufed  medley, 
to  a  great  number.  And  if  I  made  the  expe- 
riment when  warm  in  bed,  and  inclined  to  fleep, 
I  could  at  length,  merely  by  prefling  my  finger 
on  different  parts  of  my  ear,  excite  fome  of 
them  in  a  manner  fuffieiently  diftinft  to  be  con- 
lidered  as  if  feparate  or  alone,  and  by  that 
means  make  out  a  kind  of  plain  tune.  And  even 
when  they  are  excited  in  the  moft  confufed 
manner,  fome  may  be  attended  to  and  confider- 
ed  independent  of,  or  diftinc~t  from,  the  reft;  as 
is  the  cafe  when  many  founds  are  heard  toge- 
ther in  a  concert.  By  purfuing  my  inquiry,  I 
found  that  they  had  the  following  properties. 

I.  That  thefe founds  are  not  audible  in  the 
natural  ftate  of  the  ear,  but  require  diftenfion 
or  prelfure,  or,  more  properly  ipeaking,  irrita-\ 
tion  to  excite  them, 

II.  That  the  loudnefs  or  ftrength  of  the 
found  might  be  increafed  by  increafing  that 
irritation. 

III.  That  the  fame  found  never  varies  in 
tone  or  note ;— as  I  knew  by  comparing  feve- 

B  2  ral 
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ral  of  them  which  I  could  excite  with  certainty 
at  pleafure,  with  the  notes  of  a  fixed  mufical 
inftrument,  with  which  I  at  firft  found  them 
in  unifon ;  for  I  could  never  afterwards  find 
any  fenfible  difference  between  them. 

IV.  That  they  do  not  at  all  depend  on  the 
pulfes  of  the  air ; — for  if  I  excite  them  ever 
fo  ftrongly  they  could  not  be  heard  by  another 
perfon  ;  which,  from  their  loudnefs,  mull:  have 
happened  had  they  been  the  effects  of  aerial 
pulfes. 

V.  That  there  are  a  great  number  of 
them. — The  exact  number,  or  latitude  of  their 
fcale,  I  have  not  yet  been  able  to  determine, 
becaufe  of  the  difficulty  attending  the  fubject. 
It  requires  practice  and  patience  to  excite  them 
at  all  to  advantage  :  the  ears  muft  be  com- 
preffed  by  the  mufcles  around ;  the  mouth  oc- 
calionally  opened  or  fhut ;  a  gaping  raifed ;  the 
fingers  prefled  not  only  at  different  parts  of  the 
hole,  but  alfo  around  the  external  ear  *  ;  the 

*  By  thrufting  the  finger  into  the  ear,  and  then  withdraw- 
ing it,  fo  as  to  caufe  a  vacuum  in  the  manner  of  a  fyphon,  the 
founds  are  excited  to  great  advantage,  and  in  this  way  it  was 
that  I  difcovered  the  low  ones. 

meatus 
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meatus  auditorius  may  be  filled  with  water  : 
all  thefe  circumftances  fhould  be  occafionally 
varied ;  but  above  all,  the  times  mofl  favour- 
able for  exciting  them,  and  a  place  free  from 
noife  mould  be  chofen.  In  fhort,  it  will  be  much 
better  learnt  by  practice  thari  defcription ;  for 
I  imagine  that  different  means  are  required  in 
different  people,  becaufe  I  find  a  very  great  dif- 
fimilarity  in  this  refpecl:  between  my  right  and 
left  ear :  in  the  latter  I  can  much  more  eafily 
excite  them  than  in  the  former,  neither  can  I 
always  excite  unifon  founds  in  both  ears  by 
the  fame  means.  And  here  it  may  be  proper 
to  remark,  that  perfons  of  a  light  turn  of  mind, 
and  but  fuperficially  acquainted  with  philofo- 
phical  matters,  may  ridicule  thefe  kinds  of  ex- 
periments, and  laugh  at  an  attempt  to  deduce 
a  theory  of  hearing  from  "  a  ringing  in  the 
ears."  But  the  cafe,  I  prefume,  will  be  different 
with  thofe  of  another  cafl,  who  examine  the  mat- 
ter with  due  attention,  and  refledl,  that  the  moft 
important  difcoveries  in  philofophy  have  been 
fuggefled  by  the  mofl  trifling  and  even  childifh 
phenomena.  For  a  long  time  I  could  excite 
no  found  in  my  left  ear  deeper  than  what  an« 
fwered,  to  the  middle  D  of  a  German  flute.  I 

B  3  hav» 
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have  fmce  gone  as  low  as  B ;  but  in  my  right 
earl  can  now  go  full  two  notes  lower,  viz.  toG. 
As  it  is  with  the  utmofl  difficulty  that  thefe  low 
notes  can  be  raifed,  it  mould  feem  that  there 
are  others  ftill  deeper,  but  which  are  not  ex- 
citable by  the  means  above  defcribed.  Alfo 
in  my  left  ear,  I  can  raife  notes  from  B  to 
about  an  odtave  above,  in  all  the  intermediate 
gradations,  or  fenfible  differences ;  but  from 
thence,  to  a  great  part  of  another  odlave,  I  can- 
not yet  excite  them,  though  ftill  higher  they 
may  be  raifed  in  great  plenty,  but  in  a  more 
confufed  manner ;  and  they  feem  alfo  as  if  they 
were  in  a  different  part  of  the  ear,  or  more  in- 
wardly than  the  lower  ones.  From  thefe  con- 
fiderations,  it  feems  to  appear  that  there  is  a 
regular  gradation  of  them  from  the  loweft  to 
the  higheft ;  though,  on  account  (I  fuppofe) 
of  the  particular  ftru&ure  of  the  ear,  and  my 
being  able  to  prefs  it  only  externally,  I  cannot 
yet  excite  them.  In  the  right  ear,  feveral 
founds,  intermediate  to  thofe  juft  mentioned, 
are  diftinguilhable  ;  and  in  both  ears  I  can  ex- 
cite many  founds  which  are  evidently  unifons 
to  each  other.  A  rumbling  noife  generally 
heard  in  making  thefe  experiments  is  not  to 

be 
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be  confounded  with  the  founds  above  defcribed, 
but  to  be  confidercd  as  arifing  from  a  vibration 
of  the  internal  air,  communicated  to  it  by  the 
motion  of  the  tympanum,  as  will  hereafter  be 
defcribed. 

Now,  from  the  above  experiments  does  it  not 
appear  (analogous  to  what  has  been  fhewn  with 
regard  to  the  eye)  that  "  there  are  founds 
liable  to  be  excited  in  the  ear,  which  do  not  at 
all  depend  on  the  pulfes  of  the  air?" 

If  this  be  granted,  may  we  not  extend  the 
analogy  farther,  and  reafon  in  the  manner  fol- 
lowing ,? 

It  is  demonftrated  by  philofophers,  that 
founds  are  caufed  by  tremors  or  vibrations  in 
the  air.  And  therefore,  "  fince  founds  may  be 
excited  in  the  ear,  which  do  not  at  all  depend  on 
the  pulfes  of  air,  they  are  caufed  by  vibrations 
liable  to  be  excited  in  the  ear,  at  the  fame 
times  as  thofe  aerial  vibrations  which  caufe 
the  fame  founds.  Alfo,  as  there  are  many  diffe- 
rent notes,  or  gradations  of  thefe  internal  founds, 
there  are  as  many  different  vibrations  liable  to  be 

B  4  excited 
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excited  in  the  ear  for  caufing  them."  The  ufes. 
of  thefe  founds  may  likewife  be  prefumed  to  be 
analogous  to  what  was  fliewn  of  the  innate 
colours ;  viz.  "  That  the  air,  external  or  inter- 
nal, could  not  conveniently  be  made  to  com- 
municate its  vibrations  immediately  to  the  au- 
ditory nerve,  but  that  the  interpofition  of 
thofe  fliewn  to  exift  in  the  ear,  was  neceffary 
to  that  end.    That,  therefore,  there  are  in  the 
ear  different  times  of  vibration  liable  to  be  ex- 
cited, anfwerable  to  thofe  of  the  air,  for  caufing 
the  feveral  gradations  of  found  *.  That  any  one 
time  of  aerial  vibration,  acting  on  the  ear,  ex- 
cites only  that  internal  one  with  which  it  is  in 
unifon,  not  at  all  affecting  the  others,  and  there- 
fore caufes  only  the  anfwerable  found.  And 
that  in  a  mixture  of  feveral  forts  or  times  of 
aerial  vibration  beating  on  the  ear,  each  fort 
excites  only  its  unifon  vibration,  as  was  fhewn 
to  be  the  cafe  with  regard  to  colours." 

*  The  fcale  of  audible  founds  is  faid  to  be  about  eight 
pftaves ;  and  the  loweft  found  is  caufed  by  a  vibration  at  the 
rate  of  thirty  in  a  fecond. 


SECT. 
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SECTION  IV. 

Concerning  the  Manner  in  which  we  obtain  an 
Idea  of  the  fituation  of  founds ,  and  other 
Phenomena  of 

HEARING. 

J^/J  Y  delign  in  this  EfTay  was  to  eftablifli  the 
dottrine  of  Internal  Sounds,  as  delivered 
in  the  laft  leftion.  With  regard  to  the  fubje£t 
of  this,  I  confefs  I  have  nothing  to  offer  which 
I  can  fatisfy  myfelf  of  the  truth  of  by  experi- 
ment, and  would  only  wilh  to  excite  the  atten- 
tion of  philofophers  to  fo  curious  an  inquiry. 

Observation!.  The  founds  which  are 
excited  by  preffing  the  ear,  are  weak  in  com- 
parifon  to  the  loudnefs  with  which  they  may 
be  excited  by  the  vibrations  of  the  air ;  and 
yet  it  is  well  known,  that  the  found  of  a  mufi- 
jcal  fixing  is  much  more  eafily  excited  by  ftrik- 
ing  it,  than  by  an  unifon  vibration.  Hence  we 

find, 
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find,  that,  in  the  ear,  proper  methods  are  em- 
ployed for  increafing  the  force  of  the  pulfcs 
of  thefe  vibrations.  I  pafs  over  what  {hare 
the  tympanum,  the  bones,  occ. '  may  have  in 
this  intention,  and  mail  only  obferve,  as  others 
have  before  me,  that  the  labyrinth  and  cochlea 
are  contrivances  fimilar  in  principle  to  the  very 
means  which  we  ufually  employ  for  the  pur- 
pofe  of  increafing  the  loudnefs  of  founds.  One 
defign  of  the  ftrudture  which  we  obferve  in  the 
ear,  therefore,  feems  to  be  to  increafe  the  force 
of  the  pulfes  of  aerial  vibrations,  the  better  to 
enable  them  to  excite  the  internal  founds. 

Ob  s.  II.  If  the  centres  of  both  eyes  are  prelT- 
ed,  only  one  concave  appearance  is  formed ; 
which  arifeth  from  hence,  that  every  part  of 
the  retina  of  one  eye  has  a  correfponding  part 
in  the  other,  as  was  fhewn  in  the  full  fection. 
but  if  the  ears  be  prefled,  the  founds  do  not 
appear  to  be  thus  united,  but  thofe  of  each  ear 
are  heard  as  on  the  refpeclive  fide  of  the  head. 
This  difference  is  the  more  remarkable,  becaufe 
experience  mews  that  we  hear  fingly  with  both 
cars,  even  as  we  fee  fingly  with  both  eyes. 


Obs, 
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Ob  s.  III.  In  exciting  the  innate  colours,  a 
wide  circular  fcene  appears,  in  which,  as  in  the 
retina,  objects  may  be  placed  in  different  fitua- 
tions  with  refpecl:  to  each  other  :  but  nothing 
anfwerable  to  this  can  be  obferved  on  exciting 
the  innate  founds  ;  neither  does  the  cochlea 
or  labyrinth  appear  to  be  at  all  adapted  to  fuch 
a  purpofe. 

Ob  S.  IV.  Sounds  may  be  excited  in  the  ear 
by  the  vibrations  of  the  air  though  the  tym- 
panum and  little  bones  be  deftroyed,  as  hath 
been  obferved  by  others.  The  cochlea  and 
labyrinth,  therefore,  are  properly  the  ear,  as 
the  retina  is  properly  the  eye  \  and  the  tympa- 
num, bones,  Sec.  are  only  appendages  fubfer- 
vient  to  certain  conditions  of  hearing,  as  the 
humours  of  the  eye  are  for  feeing. 

Ob  s.  V.  It  has  been  thought  by  fome,  that 
aerial  founds,  from  whatever  quarter  they 
come,  affect  the  fame  parts  of  the  ear,  becaufe 
vibrations  in  the  air  are  fuppofed  to  be  propa- 
gated alike  on  all  fides.  We  readily  judge,  how- 
ever, at  firft  hearing,  from  what  quarter  with- 
out us  a  found  comes  ;  and  this  is  fa  true,  that 

(as 
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(as  in  optics)  a  found  is  heard  as  in  that  place 
or  from  that  quarter  from  whence  it  was  laft 
reflected :  and  when  walls,  or  hills,  are  duly 
pofited,  the  original  and  the  reflected  founds  are 
both  heard  as  in  their  refpediive  places.  So 
in  a  concert,  we  hear  many  founds  diftinctiy 
from  each  5  and  not  that  only,  but  we  judge 
immediately  from  what  quarters  around  us 
the  different  founds  heard  at  the  fame  time 
come.  Yet,  whoever  confiders  the  ftruclure 
of  the  cochlea  and  labyrinth,  and  the  general, 
confufed,  and  fimilar  manner  in  which  founds 
muft  enter  them,  from  whatever  part  they  ar- 
rive, muft  own,  that  they  do  not  feem  at  all 
calculated  to  anfwer  to  thefe  phenomena.  Af- 
ter the  moll;  attentive  confideration,  it  feems  to 
me  that  the  tone  or  note,  and  the  ftrength  or 
loudnefs,  are  the  only  parts  of  hearing  with 
which  found  is  concerned, 

Obs.  VI.  I  had  often  wondered  why  the 
malleus  mould  be  fixed  to  the  tympanum,  and 
that  a  cord,  or  nerve  fliould  run  acrofs  that 
membrane  behind,  becaufe  they  feemed  to  me 
to  hinder  its  vibration.  Nature,  however,  has. 
a  reafon  for  every  thing  me  does,  and  there- 
fore 
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fore  fome  purpofe  is  undoubtedly  anfwered  by 
them.  It  has  fmce  occurred  to  me,  that  if 
the  tympanum  had  been  free,  like  the  head  of  a 
drum,  it  would,  like  that,  have  been  capable 
of  yielding  only  one  found  or  note  at  a  time  *; 
and  therefore  for  every  different  note  it  muft 
have  been  proportionally  tightened  or  relaxed. 
But  on  the  contrary,  we  can  hear  feveral,  or 
many  different  founds  at  the  fame  time,  and 
even  judge  of  their  fituations,  as  obferved 
above  ;  which  perhaps  could  alfo  not  have  ob~ 

tained  if  the  tympanum  had  been  free.  Are 

not  aerial  pulfes,  according  as  they  come  from 
a  different  quarter,  made,  by  means  of  the  ex- 
ternal ear  and  meatus  auditorius,  to  beat  upon 
a  different  part  or  fide  of  the  tympanum  ?-— Do 
not  the  contrivances  abovementioned  prevent 
the  vibration  being  uniformly  communicated 
to  the  whole  membrane,  and  confine  it  to  the 
part  immediately  affected  ? — Any  part  being 
paffive  to,  or  liable  to  receive,  any  time  of  vi- 
bration that  the  air  may  imprefs  on  it,  and  dif- 

*  Whether  this  holds  with  regard  to  receiving  and  tranf- 
mitting  of  founds  from  the  air,  as  well  as  by  beating  it  with 
a  flick  may  be  doubted.  It  would  only  perhaps  be  done  lefa 
clearly  or  difttnftly  when  free,  than  otherwife. 

ferent 
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ferent  vibrations,  in  different  parts,  at  the  fame 
time  ? 

Ob  s.  VII.  By  repeated  experiments,  I  find 
that  the  internal  founds  are  not  in  the  tympa- 
num. When  I  touch  that  membrane  with  a 
probe,  I  find  indeed  that  it  has  a  motion,  and 
that  motion  occalicns  the  rumbling  noife  which 
arifcth  on  exciting  the  internal  founds,  as  be- 
fore obferved.  But  I  take  it  that  it  occafions 
that  noife  only  by  acting  on  the  internal  air, 
and  thereby  exciting  the  anfwerable  innate 
found.  This  motion  I  imagine  is  caufed  by  an 
alternate  atlion  of  the  mufcles  of  the  malleus, 
which  pull  it  to  and  fro,  for  it  is  a  motion  of 
the  whole  membrane  :  it  feems  to  be  performed 
but  very  few  times  in  the  courfe  of  a  fecond, 
and  is  always,  as  far  as  I  can  find,  about  the 
fame  fwiftnefs,  though  the  ftrength  or  latitude 
of  the  motion  is  very  variable.  I  fufpecl  that 
this  motion  of  it  is  continual  in  fome  degree  5 
for  if  a  wilk-fhell,  or  other  hollow  body  be 
applied  to  the  ear,  a  noife  is  heard  like  the 
waves  of  the  fea ;  which  is  a  very  common 
experiment,  and  feems  to  proceed  from  the  mo- 
tion of  the  air  (in  confequence  of  fuch  action 

of 
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of  the  tympanum)  reflected  and  made  fenfible 
by  the  hollow  body  fo  applied.  I  repeat,  how- 
ever, that  the  internal  founds  are  not  in  the 
tympanum :  neither  does  it  appear  to  me  that 
the  whole  tympanum,  or  the  mufcles  of  the 
malleus,  are  by  any  means  capable  of  alternate 
a&ion  fo  fwift  as  the  vibration  of  aerial  founds, 
fome  of  which  are  at  the  rate  of  feveral  thou- 
fands  in  a  fecond.  Confiderations  like  thefe 
have  led  me  to  fufpeel:  that  the  motion  of  the 
whole  tympanum,  above  defcribed,  and  of  the 
little  bones,  have  lefs  fliare  in  the  bufinefs  of 
found  or  actual  hearing  than  has  been  com- 
monly imagined  *.  Are  they  not  either  wholly 
or  chiefly  fubfervient  to  the  purpofe  of  excit- 
ing the  paffions,  and  other  affe&ions  of  the 
mind  and  body,  which  we  find,  by  experience, 
to  be  the  confequences  of  certain  conditions  of 
aerial  founds  ■ 


Ob  s.  VIII.  The  tympanum  is  fo  very  fen-' 
fible  that  we  cannot  well  make  experiments  on 

*  It  has  been  thought  that  the  whole  tympanum  is  put  into 
vibration  by  every  different  found ;  but  this  will  appear  ab- 
furd,  when  two  or  more  founds  are  a&ing  on  it  at  the  lame 
time. 

it, 
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it.  Yet  if  any  one  choofes  to  try,  he  will  find, 
by  touching  it  with  a  probe,  that  the  fenfation 
does  not  feem  to  be  confined  to  that  point,  but 
to  aflfeft  the  fyftcm  in  a  more  general  manner. 
If  the  motion  of  the  whole  tympani  of  both 
ears,  defcribed  above,  be  fenfibly  excited,  efpe- 
cially  if  the  ears  be  clofed,  the  fenfation  feems 
to  fill  or  furround  the  whole  head.  I  had  a 
patient  (to  whom  I  can  refer  the  doubtful) 
who  appeared,  by  the  fymptoms,  to  have  had  a 
fuppuration  in  the  barrel  of  the  right  ear  ;  for 
putrid  matter  was  afterwards  difcharged  from 
thence  into  the  mouth.  If  this  patient  leaned 
her  head  forward,  (he  felt,  as  {he  exprefled 
herfelf,  her  brains  fall  forward,  and  if  after- 
wards {he  held  it  backwards,  me  thought  (lie 
felt  her  brains  fall  backwards  again;  which 
made  her  fancy  that  her  brain  was  loofe  in  he? 
fkull;  but  if  me  lifted  her  head  up,  by  placing 
her  fingers  about  that  ear  in  a  particular  man- 
ner, thofe  things  did  not  happen ;  and  thence 
(he  thought  her  brain,  during  that  time,  was 
reftored  to  its  right  place.  From  the  laft-men- 
tioned  circumftance,  the  caufe  of  this  feeming 
affection  of  the  brain  was  undoubtedly  in  the 
car ;  perhaps  one  of  the  little  bones  had  been 

loofencd 
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loofcned  by  the  fuppuration,  or  matter  may- 
have  floated  in  the  cavity  :  hence,  according 
as  her  head  was  moved  forward  or  backward, 
it  fell  againfl  the  fore  or  back  part  of  the  tym- 
panum, or  elfe  of  the  barrel  itfelf,  but  which- 
motion  was  prevented  by  placing  her  fingers 
and  lifting  her  head  in  the  manner  defcribed.  > 
Thcfe  phenomena  feem  to  indicate  that  the  . 
nerves  which  ferve  either  the  tympanum  or  bar- 
rel for  the  fenfe  of  feeling,  are  fo  difpofed  in  the 
fenfory  or  brain,  that  if  the  organ  be  affedted 
in  one  point,  the  fenfation  mail  be  felt,  not  as 
in  the  part  affected,  but  as  in  the  fore  part  of 
the  head.  If  in  another  part,  it  mail  be  felt  as 
in  the  back  part  of  the  head  •  and  perhaps  there 
are  other  points  of  that  organ  which  corre- 
fpond  with  the  Whole  furface  of  the  head  re^ 
fpectively.  If  this  be  the  cafe,  then,  if  the  air 
beats  upon  a  certain  point  of  the  tympanum,  a 
found  lhall  be  excited  in  the  labyrinth,  and  at 
the  fame  time  a  tremulous  fenfation  of  feeling, 
of  the  fame  degree  of  fwiftnefs,  mail  be  excit- 
ed in  the  fore  part  of  the  fenfory  or  head,  and 
thereby  give  us  the  idea  of  the  found  coming 
from  the  front;  for  the  fenfe  of  feeling  affefts 
us  more  powerfully,  or  is  more  intimate  to  us 

C  than 
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than  that  of  found;  and  therefore  the  atten- 
tion of  the  mind  is  chiefly  engaged  by  the  for- 
mer, and  thence  tranflates,  as  it  were,  the 
found  itielf  thither ;  or  rather,  the  ideas  are 
airociated  by  cuftom  or  habit.     To  give  an 
infhance  of  this  fuperior  power  of  feeling  : 
though  the  lhapes  of  objects  are  painted  in  the 
retina,  yet  it  is  not  merely  by  thefe  pictures  that 
we  get  the  idea  of  the  fhapes  of  thofe  objects; 
the  eye  only  confiders  a  point  of  an  object  at 
a  time  ;  and  it  is  by  the  motion  of  the  eye  i£~ 
felf,  or  of  the  body,  tracing  its  boundaries,  that 
we  get  the  idea  of  its  fhape  ;  fo  that  it  is  done 
by  feeling,  not  by  colour  merely,  as  others 
have  already  obferved.   Every  one  who  h^s 
been  weakened  by  a  fever  will  remember  how 
painfully  the  fenfe  of  feeling  is  excited  by 
flrong  founds,  and  the  particular  manner  in 
which  they  affect  the  head.    In  general,  there- 
fore, if  an  aerial  found  comes  from  a  certain 
quarter  without  us,  it  feems  to  be  made,  by 
the  contrivance  of  the  external  car,  to  beat 
upon  a  particular  part  of  the  tympanum  ;  the 
found,  anfwerable  to  the  time  of  vibration,  is 
excited  in  the  labyrinth  ;  and  at  the  fame  time, 
a  like  tremulous  fcnfation  of  feeling  as  in  that 

part 
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part  of  the  head  which  anfsvers  to  the  filia- 
tion of  the  external  found,  and  this,  from  cuf- 
tom,  gives  us  the  idea  of  the  found  coming  from 
fuch  a  quarter.  And  if  two  or  more  founds 
come  from  different  quarters  without  us  at  the 
fame  time,  they  ieem  to  be  made,  by  the  funnel 
of  the  ear,  to  beat  upon  different  parts  of  the 
tympanum ;  and  befides  the  founds  which  they 
excite  in  the  labyrinth,  caufe  refpcclively  uni- 
fon  or  like  tremulous  fenfations  of  feeling,  as 
in  the  anfwerable  fides  of  the  head  ;  whence 
we  come  to  underftand  their  fituations  exter- 
nally with  refpedt.  to  each  other  and  to  our- 
felves.  The  tympanum  may  move  as  a  whole, 
notwithstanding  thefe  vibrations  excited  in 
different  parts  of  it  ;  and  (by  the  mediation  of 
•the  little  bones)  according  as  its  motion  as  a 
iv hole  is  ajfefied  by  thefe  particular  vibrations, 
the  pqffions  or  ajfeclions  of  the  mind  and  body 
may  be  influenced.  I  do  not  know  whether  the 
harmony  and  difcord  of  founds,  conlidered  mu- 
sically, may  not  partly  depend  on  this  latter 
principle. 


Ob  s.  IX.  That  it  is  by  the  fenfe  of  feeling 
as  above,  or,  at  leaft,  that  it  is  not  by  mere 

C  2  found 
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found  that  we  get  the  ideas  of  the  fituations  of 
external  founds,  feems  alfo  to  appear  by  the 
following  confiderations.    Admitting  that  dif- 
ferent fides  of  the  tympanum  are  affe&ed,  as 
above,  according  as  founds  come  from  different 
quarters,  yet  the  nature  of  aerial  vibrations, 
and  the  fituation  of  the  tympanum  with  re- 
fpe£t  to  the  paffage  into  the  labyrinth,  feem  to 
be  fuch  that  the  founds  cannot  be  directed  in 
right  lines  from  the  different  parts  of  the  tym- 
panum affecled,  through  that  paffage,  as  the 
rays  of  light  crofs  in  the  eye  and  pafs  on  to 
the  refpective  parts  of  the  retina,  for  painting- 
objects  anfwrerable   to  their  fituations  out- 
wardly ;  and  even  fuppofing  they  could,  yet 
the  flruttures  or  fhapes  of  the  cochlea  and  la- 
byrinth are  fuch  as  that  no  advantage  could 
be  derived  from  this  rectilinear  direction ; 
they  feem  to  enter  into  the  organs  in  a  confu- 
fed  medley,  through  every  part  of  their  wind- 
ings, and  alike  from  whatever  quarter  they 
come  ;  and  it  is  only  the  internal  founds,  de- 
pofited  in  thofe  organs,  that  feperate  them, 
according  as  they  happen  to  be  in  unifon. 
Sound,  therefore,  feems  to  have  no  other  con- 
cern in  the  affair  of  hearing  than  merely  as  to 

the 
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the  note  or  tone,  and  the  ftrength  or  loudnefs 
thereof,  as  obferved  before. 

Ob  s.  X.  Diftinft  hearing  feems  to  be  con- 
cerned only  with  a  particular  part  of  the  tym- 
panum, as  diftinft  vifion  is  only  with  the  middle 
of  the  eye.  If  we  would  view  an  object  dis- 
tinctly we  turn  the  optic  axis  towards  it,  and 
even  to  the  feveral  parts  of  it  fucceiTively  ;  and 
if  we  would  hear  any  found  to  perfection,  we 
turn  our  face  towards  the  quarter  from  whence 
the  found  comes  ;  in  fuch  polition  of  the  face, 
the  found  falls  perhaps  on  the  middle  of  the 
tympanum  ;  or  at  leaft  on  that  part  of  it  which 
ferves  for  diflinft  hearing.  Do  the  founds  in 
this  cafe  fall  upon  the  malleus  ? — or  rather,  do 
they  not  fall  in  the  midway  between  the  mal- 
leus, and  the  margin  of  the  membrane  ?  At 
leaft,  do  they  not  beat  upon  fuch  a  part  of  the 
tympanum,  as  that  they  may  be  thrown  to  moft 
advantage  into  the  feneftra  ovalis,  or  elfe  upon 
the  elaftic  membrane  in  the  rotunda  ? 

Obs.  XI.  Diftance,  with  regard  to  hearing, 
feems  to  depend  on  much  the  fame  principles 
as  diftance  with  regard  to  vifion,  viz.  on  the 

C  3  faintnefs 
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faintnefs  and  indiftinclnefs  of  the  found  beat- 
ing  on  the  tympanum,  &c. 

Ob  s.  XII.  Though  we  have  two  ears,  yet 
we  hear  fingly,  even  as  we  fee  fmgly  with 
both  eyes.  Are  the  nerves  for  the  fenfe  of 
feeling,  which  ferve  the  tympanum  (or  that 
part  of  the  ear,  whatever  it  be,  which  gives 
us  the  idea  of  the  fituation  of  founds),  joined 
together  in  the  brain,  as  the  fibres  of  the  reti- 
nae of  the  anfwerable  parts  of  both  eyes  are 
fuppofed  to  be  ?  or  is  each  ear  concerned  only 
with  the  anfwerable  fide  of  thefenfory?  or  do 
we  hear  only  with  one  ear  at  a  time,  as  fome 
have  fuppofed  that  we  fee  only  with  one  eye 
at  a  time  f 

Ob  s.  XIII.  May  it  not  be  on  account  of  the 
difcance  cf  the  labyrinth  and  cochlea  from  the 
.outward  ear,  that  the  innate  founds  are  diffi- 
cultly excitable  by  external  preffure,  and  that 
many  of  them  cannot  be  excited  thereby  at  all? 
the  decpeft  of  thefe  founds  may  be  in  the  co- 
chlea, and  the  higheft  in  the  labyrinth ;  for  the 
high  and  low  founds  feem  to  be  in  different 
parts  of  the  ear.    As  I  cannot  excite  founds 

lower 
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lower  than  G,  is  it  not  that  only  the  higher 
ones  in  the  labyrinth,  and  not  the  lower  ones 
in  the  cochlea,  are  excitable  by  outward  pref- 
fure  ? 

Ob  s .  XIV.  Thofe  who  are  difficult  of  hear- 
ing, and  alfo  fuch  as  liflen  attentively,  are  apt 
to  open  their  mouths,  and  then  they  hear  bet- 
ter. It  has  been  faid  that  in  this  cafe  the  found 
pafTes  by  the  Euflachian  tubes ;  but  whoever 
choofes  to  make  the  experiment  will  find,  by 
putting  a  finger  into  each  ear,  that  when  he 
opens  his  mouth,  the  bones  of  the  lower  jaw 
leave  the  meatus  auditorius  much  wider  than 
when  the  mouth  is  fhut,  which  may  perhaps 
be  the  caufe  of  the  phenomenon,  at  leafl  in 
part. 

Obs.  XV.  The  vibrations  in  the  ear  by 
which  the  internal  founds  are  caufed,  are  not 
of  "the  nature  of  thofe  of  mufical  firings,  for' 
the  following  reafons  :  the  length  of  the  fibres, 
efpecially  for  the  low  notes,  would  be  too 
great  for  them  to  be  contained  in  this  ear,  if 
they  caufed  founds  by  vibrations  in  the  manner 
of  mufical  firings.  If  it  be  objected,  that  their 

C  4  tenfion 
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tenfion  is  proportionally  left,  I  anfwer,that  then 
by  reafen  of  their  flacknefs  they  could  not  vi- 
brate, on  that  principle,  at  all.    'adfft  There 
are  no  fibres  in  the  ear  but  what  are  immedi- 
ately furrounded  by  fuch  fubftances  as  would 
totally  hinder  a  vibration  in  the  manner  of  mu- 
fical  firings.    %diy,  There  is  no  trace  of  any 
contrivance  in  the  ear,  which  can  in  the  leaft 
favour  a  fuppofiticn  cf  this  kind  to  him  who 
properly  confiders  the  above  objections  ;  and 
there  are  many  others  which  may  be  urged, 
but  thefe  are  I  imagine  fufficient.    In  what 
particular  manner  thefe  vibrations  are  per- 
formed I  cannot  determine  :   it  may  be  by 
means  of  fibres  whofe  particles  or  elements, 
when  irritated,  alternately  approach  towards, 
and  recede  from,  each  other,    and  thereby 
lengthen  and  fhorten  the  fibre  by  turns,  with- 
out forming  the  harmonic  curve  like  a  mulical 
firing.  The  fibres  for  the  deeper  notes  may  be 
compofed  of  larger  particles,  and  thence  vi- 
brate more  {lowly ;  and  on  the  contrary,  the 
fibres  for  the  higher  notes  may  be  compofed  of 
fmallcr  particles,  and  thence  vibrate  more 
fwiftly ;  the  pulfcs  in  both  cafes  being  commu- 
nicated to  the  nervous  fibrils  with  which  they 

are 
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are  refpettively  ferved :  the  like  may  be  the 
cafe  in  the  eye,  and  the  fenfe  of  feeling.  Afingle 
firing,  or  even  two  particles  only,  feem  proper 
for  this  purpoie,  and  they  would  alfo  take  up 
lefs  room  in  the  organs;  and  be  too  minute 
perhaps  to  be  difcovered  by  the  eye.  Suppo- 
fing  this  to  be  true,  we  have  a  reafon  why  in 
the  experiment  of  prefling  the  centre  of  the 
eye,  the  green,  blue,  and  violet-making  vi- 
brations are  moft  eafily  excited,  and  that  their 
nerves  are  laft  paralytic ;  and  contrariwife 
with  the  yellow,  orange,  and  red-making  ones. 
The  particles  of  the  former  being  lefs,  are  more 
eafily  put  into  vibrations,  and  lefs  apt  to  prefs 
on  the  nervous  fibrils  than  thofe  of  the  lat- 
ter, which  are  larger  *;  and  this  may  alfo  be 
one  reafon  why  the  low  innate  founds  cannot 

*  By  preffing  the  centre  of  the  eye  for  fome  time,  a  lu- 
minous ring  of  a  reddifh  yellow  colour  is  often  perceived;  if 
the  preflure  be  removed,  and  the  eye  turned  towards  the 
light  of  the  clouds,  the  ring  (which  does  not  difappear  for 
fome  time)  is  changed  into  dirertly  oppofite  colours,  viz. 
green,  blue,  and  violet ;  which  (hews  that  the  preflure  had 
rendered  the  former  internal  colours  more  paralytic  than  the 
latter,  agreeable  to  what  was  faid  before.  M.  Le  Cat,  if  I 
remember  right,  has  experiments  to  the  fame  purpofe,  which 
may  therefore  be  explained  by  this  theory. 

be 
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be  excited  by  outward  preflure,  the  particles 
of  the  nbres,  being  large,  requiring  a  ftronger 
irritation  than  can  be  there  applied.  But  this 
is  conjecture. 

Ob  s.  XVI.  There  are  (it  may  be  prefumed) 
many  oclaves  of  the  internal  founds  ;  but  not 
quite  one  octave  of  colours.  This  difference 
was  requisite,  becaufe  there  may  be  a  great 
number  of  vibrations  made  in  the  air,  which 
would  be  loft  to  us,  if  there  were  not  anfwer- 
able  ones  in  the  ear ;  whereas  the  vibrations 
of  the  rays  of  light  being  limited  to  about  a 
fixth,  only  the  like  latitude  of  internal  vibra- 
tions was  required  anfwerable  to  them. 

Ob  s.  XVII.  In  the  eye  there  fecm  to  be 
a  great  number  of  vibrations  which  give  the 
fame  colour  difperfed  in  every  part  of  the  re- 
tina ;  and  vibrations,  in  all  the  different  times, 
feem  likewife  to  be  mixed  equally  together  in 
all  parts  of  that  organ.  Thus,  if  any  part  of 
the  retina  be  excited  by  prefTure,  not  a  fingle 
colour  arifeth  (unlefs  by  accident,  as  in  the  in- 
ftances  related  in  the  firft  fe&ion,)  but  a  white 
one,  compofed  of  all  the  others.  But  by  exci- 
ting 


OBSERVATIONS.  43 

ting  the  innate  founds  I  can  hear  many  of  them, 
diftindt ;  nor  can  a  found  be  excited  compofed 
of  all  the  internal  ones,  as  is  the  cafe  with  co- 
lours. The  reafon  of  this  difference  is,  that 
the  internal  colours  can  be  mixed  together  in 
the  retina,  in  a  fpace  fmall  enough  for  them  to 
be  perceived  only  as  one  colour.  But  this  can- 
not take  place  with  regard  to  the  internal 
founds,  by  reafon  of  their  far  greater  number. 

Obs.  XVIII.  About  ten  years  ago,  I  obferv- 
ed  that  a  flute,  an  hautboy,  a  trumpet,  and 
other  inftruments,  though  they  were  made  to 
yield  founds  which  were  in  unifon  with  each 
other,  and  equally  loud,  yet  had  a  difference 
which  every  one  could  obferve,  and  which  I 
then  called  the  mode  of  found.  Thus  alfo  the 
voices  of  people,  and  the  founds  yielded  by  va- 
rious bodies,  though  of  exactly  the  fame  tone 
and  ftrength,  had  a  fimilar  difference.  Whe- 
ther the  caufe  of  this  curious  phenomenon  had 
been  difcovered,  I  could  not  learn ;  but  by 
meditating  on  the  fubject,  and  making  feveral 
experiments,  I  found  that  thefe  founds  were  not 
fimple,  but  cempofed  of  others,  of  which  thefe 
were  only  the  refult  or  aggregate,  even  as  the 

colours 
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colours  of  bodies  are  various  compounds  of  the 
feveral  original  colours.  I  am  told,  by  a  gen- 
tleman to  whom  I  communicated  this  theory, 
that  a  difcovery  of  this  kind  is  already  made 
public,  though  I  have  not  yet  been  able  to  get 
a  light  of  it  :  I  mail  not  give  the  obfervations 
■which  fuggefted  that  theory  to  me,  left  they 
fhould  be  fimilar  to  thofe  alluded  to  *.  But  as 
I  cannot  find  that  an  explanation  has  been 

*  The  principle  on  which  thefe  founds  were  capable  of 
being  decompofed  was,  that  in  many  cafes  forne  of  the  founds 
in  the  mixture  were  ftronger,  and  others  weaker :  hence  if  they 
were  excited  as  gently  zs  poffible,  or  rather  if  I  removed  the 
cauie  of  them  to  a  fufflcient  diftance  from  me,  the  weak  founds 
in  the  compound  would  be  inaudible,  and  only  the  ftronger 
ones  heard.  Suppofe  a  found  compofed  of  C  D  and  E,  that 
C  was  double  the  loudnefs  of  D,  and  D  double  that  of  E ;  the 
tone  of  that  found  would  be  in  a  compound  ratio  of  the 
tones  and  ftrengths  of  the  ingredients ;  that  is,  it  would  be  a 
iharp  C.  If  E  be  rendered  inaudible,  the  found,  as  being 
compofed  only  of  C  and  D,  would  be  nearer  to  C  ;  but  if  D 
alfo  be  made  inaudible,  the  found  would  be  pure  C.  If  the 
ingredients  are  equal  in  ftrength  or  loudnefs,  this  decompo- 
fition  cannot  be  made.  This  theory  was  fuggefted  to  me  by- 
like  obfervations  with  regard  to  colours ;  for  fome  objects, 
according  as  they  are  more  or  lefs  ftrongly  illuminated,  appear 
differently  coloured,  for  reafons  (as  I  imagined)  fimilar  ta 
thofe  given  above. 

given 
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given  of  this  phenomenon  with  regard  to  what 
happens  in  the  ear,  I  Jfhall  here  fubjoin  a  con- 
jecture concerning  it  :  it  was  fhewn  above, 
that  all  the  internal  colours  may  be  excited 
within  a  fpace  of  the  retina  fmall  enough  for 
them  to  be  perceived  only  as  one  colour,  the 
aggregate  of  the  whole.  If  aerial  founds  are 
blended  together,  as  in  the  cafes  juft  men- 
tioned, they  are  excited  fo  near  to  each  other 
in  the  tympanum,  that  they  are  heard  only  as 
one  found,  as  happens  with  a  mixture  of  co- 
lours ;  but  if  the  founds  are  excited  at  a  dis- 
tance from  each  other  in  the  air  and  tympa- 
num, they  are  heard  diftintt,  as  happens  when, 
in  virion,  colours  are  painted  in  different 
parts  of  the  retina.  But  to  enter  a  little  clofer 
into  this  reafoning,  thofe  who  are  verfed  in 
optics  know,  that  if  any  two  neighbouring  co- 
lours in  the  refra&ed  fpetirum  be  mixed  toge- 
ther, the  colour  arifing  therefrom  will  be  fuch 
an  one  as  would  be  caufed  by  the  rays  in  the 
mean  betwixt  them  :  thus,  if  blue  and  yellow 
be  mixed  together  in  equal  quantities,  the  co- 
lour will  be  green  ;  and  if  the  quantities  be 
unequal,  the  green  will  be  tinctured  with  yel- 
low or  blue  in  proportion ;  the  like  may  be 

obferved 
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obferved  of  other  neighbouring  colours.  But 
if  red  and  violet  be  mixed  together,  the  colour 
will  not  be  a  green,  or  the  intermediate  one, 
but  a  kind  of  purple,  unlike  to  any  of  the  ori- 
ginal colours.    Alfo,  if  any  number  of  colours 
are  mixed  together,  provided  the  two  extreme 
ones  are  at  a  fufficient  diftance  from  each  other 
in  the  fpedtrum,  there  will  not  be  produced  the 
intermediate  prifmatic  colour,  but  fome  one 
unlike  to  any  of  thefe  :  thus,  a  mixture  of  all 
the  rays  compofe  a  white,  and  fo  of  other  mix- 
tures ;  for  further  information  in  which,  Sir 
Ifaac  Newton's  Optics  may  be  confulted.  Now", 
I  would  fuppofe  that  a  fmgle  feries  of  colorific 
vibrations  in  the  retina  are  difpofed  in  a  right 
line  according  to  their  times,  as  in  a  refracted 
beam  of  light,  and  that  this  line  exceeds  the 
diametre  of  a  vifible  point,  yet  is  not  fo  long 
as  that  the  two  ends  of  it  may  be  perceived 
diftindt.  Hence  the  red  and  violet  only,  though 
they  are  not  feparately  diftinguifhable,  yet  as 
they  do  not  fall  within  a  vifible  point,  they 
alfo  cannot  be  perceived  as  a  perfect  mixture 
or  under  the  form  of  the  intermediate  colour  j 
they  mull  therefore  be  perceived  as  in  a  ftate 
between  perfect  mixture,  and  diftin&nefs  ;  and 

we 
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we  find  that  a  purple  is  the  refult,  a  colour  in 
which  the  ingredients  can  in  fome  meafure  be 
inferred  by  the  eye.  But  two  colours  which 
are  near  each  other,  are  contained  within  a 
vifible  point,  and  therefore  may  be  faid  to  be 
mixed  intimately  together,  for  they  exhibit 
the  proper  intermediate  colour,  as  was  Ihewn 
above.  For  the  fame  reafons,  all  the  colours 
in  the  feries  together  ought  not  to  exhibit, 
like  yellow  and  blue,  the  intermediate  colour, 
nor  any  of  the  original  ones,  becaufe  of  the 
red,  violet,  Sec.  which  are  exterior  to  the  vi- 
fible point ;  neither  ought  the  colour  exhi- 
bited to  be  fuch  an  one  as  that  the  ingredients 
may  in  a  manner  be  inferred  by  the  eye,  as  is 
the  cafe  with  red  and  violet  alone,  becaufe  the 
whole  feries  is  a  compofition  of  perfect  and 
imperfect  mixture  ;  and  we  find  that  they 
compofe  a  white  *.  Now  if  we  apply  thefe  prin- 
ciples 

*  If  we  fuppofe  a  number  of  thefe  feries  joined  together 
in  a  right  line  by  their  anfwerable  ends,  viz.  red  to  red,  and 
violet  to  violet,  that  the  whole  furface  of  the  retina  Is  filled 
with  fuch  lines  drawn  parallel  to  each  other,  and  that  thefe 
lines  are  eroded,  at  the  red  and  violet  points,  at  right  angles 
by  fimilar  ones  refpeftively ;  the  whole  furface  will  be  divi- 
ded 
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ciples  to  the  car,  and  confidcr  hearing  as  com- 
posed of  found,  and  a  tremulous  fenfe  of  feel- 
ing, as  mentioned  before,  we  may  be  enabled 
to  form  fome  idea  of  the  caufe  of  the  above- 
remarked  difference  of  founds,  whofe  tones  and 
flrcngths  are  the  fame.  The  innate  founds 
are  not,  like  colours,  comprized  within  fo  fmall 
a  portion  of  the  ear  as  that  they  may  be  all 
heard  as  one :  on  the  contrary,  experiment 
feems  to  (hew  that  they  are  diflintf.  The  above 
doclrine,  therefore,  is  not  applicable  to  the  in- 
nate founds  ;  it  muft  of  courfe  be  applied  to 
that  part  of  hearing  which  depends  on  the  tre- 
mulous fenfe  of  feelings  and  by  which  the  other 
is  governed,  as  hath  been  fliewn.  If  two  or 
more  aerial  vibrations  fall  within  the  fame 
point  of  the  tympanum,  they  may  be  confidered 
as  mixed  perfectly  together  *  3  and  therefore 

a  found 

ded  into  fquarcs,  the  fides  of  which  will  be  lefs  than  the 

diftances  required  for  diftincl:  vifion.  But  this  is  a  mere 

hypothefis. 

*  Query.  Whether  in  any  inftance  of  this  kind,  two  or 
more  vibrations  are  converted,  as  it  were,  into  one  ? — For  ex- 
ample, whether  a  found  and  its  ottave  make,  not  the  inter- 
mediate found,  but  the  odave  ?  I  do  not  think  this  ever  to 
be  the  cafe ;  but  that  they  continue  diitinft,  and  therefore 

the 
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a  found  will  be  caufed  whofe  note  is  the  mean 
of  all  thefe,  and  whofe  mode  is  the  fame  with 
that  which  would  be  produced  by  a  fingle  vi- 
bration. But  founds  in  the  tympanum  further 
apart,  yet  not  fo  diftant  as  to  be  heard  diftincl:, 
though  they  yield  a  found  of  the  intermediate 
tone,  yet  the  mode  thereof,  by  reafon  of  the 
imperfect  mixture,  mall  be  different.  And  if 
the  founds  are  excited  at  a  ftill  greater  diftance, 
they  fhall  be  heard  diftind: ;  and  therefore  by 
affuming  the  hypothecs  of  the  tremulous  fenfe 
of  feeling,  and  carrying  with  us  the  idea  of 
perfect  mixture,  of  indiftinftion  or  imperfect: 
mixture,  and  of  diftincl:  founds,  as  above,  duly 
combining  thefe,  varying  their  ftrengths,  and 
taking  into  confideration  what  happens  in  the 
cochlea  and  labyrinth  with  regard  to  the  in- 
nate founds,  and  alfo  the  paffions  or  affections  of 
the  mind,  we  may  have  perhaps  a  theory  of  this 
kind  of  phenomena.  But  as  this  is  a  fubject 
which  does  not  eafily  admit  of  experimental 
proof  I  fhall  not  enlarge  on  it. 

the  intermediate  tone  is  the  refult.  The  reafon  why  fome 
modes  are  more  plealing  than  others,  may  perhaps  be  collet- 
ed  from  the  eighth  Obfervation. 
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SECTION  V. 

Being  an  Appendix  to  the  foregoing  EJfay. 

TT  may  not  be  improper  to  acquaint  the 
Reader,  that  my  fituation  in  life  has  hitherto 
been  fuch  as  to  have  afforded  me  but  few  op- 
portunities of  reading  books  which  were  not 
in  the  line  of  my  profefiion  ;  many  difcoveries 
in  philofophy  therefore  had  been  made  public 
which  I  was  unacquainted  with  :  many  I 
fuppofe  ftill  remain,  of  which  I  have  no  idea, 
As  I  am  fond  of  amufing  myfelf  at  my  leifure 
with  ftudies  of  a  philofophical  nature  ;  ideas 
have '  occurred  to  me  which  I  thought  were 
new,  but  which  I  have  afterwards  found  in 
authors.  The  do&rine  of  the  modes  of  found 
occurred  to  me  above  ten  years  ago,  (as  in- 
deed did  almoft  the  whole  of  the  preceding 
efiay).  I  mentioned  that  I  had  fince  fliewn  it 
to  a  friend,  who  informed  me  that  the  difco- 
very  had  already  been  publifhed  by  Tartini,  an 

Italian, 
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Italian.  But  fmce.  that  eflay  was  fent  to  the 
prefs,  I  happened  to  meet  v/ith  a  tranflation  of 
Rpufleau's  Mafical  Dictionary,  and  find  by  it 
that  the  theory  in  queftion  is  not  yet  known, 
Tartini's  difcovery  being  of  another  kind,  viz. 
The  harmonic  founds  which  arife  in  confluence 
of  any  mufical found;  and  on  which  he  has  found- 
ed a  new  fyftem  of  mufic. 

M.Rousseau,  after  explaining  the  two 
differences  of  founds,  the  tone  or  note,  and  the 
ftrength  or  loudnefs,  fpeaks  of  this  third  diffe- 
rence of  founds ;  and  expreffeth  himfelf  as 
follows  : 

"  In  regard  to  the  difference  which  is  found 
alfo  between  the  founds  by  the  quality  of 
the  modification,  it  is  evident  that  it  holds 
neither  to  the  degree  of  elevation,  nor  even  to 
that  of  the  force.  It  will  be  in  vain  for  an 
hautboy  to  place  itfelf  in  unifon  with  a  flute  : 
it  will  be  in  vain  to  fweeten  the  found  to  the 
fame  degree ;  the  found  of  the  flute  will  always 
have  a  Jc  ne  fain  quoi  of  mellow  and  fweet  5 
that  of  the  hautboy  fomewhat  rude  and  {harp, 
which  will  prevent  the  ear  from  confounding 
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them,  without  mentioning  the  diverfity  of  the 
modification  of  the  voice. 

"There  is  not  an  inftrument  which  has 
not  its  particular  tone  which  has  no  connexion 
wirh  that  of  another ;  and  the  organ  alone  has 
twenty  methods  of  playing,  all  of  a  different 
modification.    No  one  however  that  I  know  of 
has  examined  the  found  in  this  particular,  which, 
as  well  as  the  reft,  will  perhaps  be  found  to 
have  fome  difficulties ;  for  the  quality  of  the 
modification  cannot  depend  either  from  the 
number  of  vibrations  which  forms  the  degree 
from  flat  to  (harp,  or  from  the  greatnefs  or 
force  of  thefe  fame  vibrations  which  forms  the 
degree  from  ftrong  to  weak :  we  muft  then 
find  in  the  fonorous  body,  a  third  different 
caufe  from  thefe  two,  to  explain  this  third  qua- 
lity of  found  and  its  differences,  which  perhaps 
is  not  too  eafy."    Thus  far  Mr.  RoufiTeau. 

I  shall  therefore  give  the  Reader  the  ob- 
fervations  from  which  I  was  afterwards  led  to 
iufpeft  this  theory,  and  in  the  very  words  of 
the  original  paper  which  I  have  long  had  by 
me. 

a   THK 
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u  -The  innate  founds  are  the  moft 

fimple  poflible,  as  they  are  made  (we  may  fup- 
pofe)  only  by  Tingle  or  fimple  vibrations ; 
whereas  the  aerial  founds  which  we  hear,  are 
all  of  them  more  or  lefs  compounded.  And  on 
this  compofition  of  them,  the  folution  of  fome 
curious  phenomena  feem  to  depend,  which  have 
not  been  attended  to  by  the  learned. 

"For  befides  that  founds  are  higher  or  lower 
in  tone  according  to  the  fwiftnefs  of  the  vibra- 
tions which  caufe  them,  there  is  alfo  another 
property  in  which  founds  differ  from  one  ano- 
ther, though  of  the  fame  ftrength  and  tone  r 
an  organ,  for  example,  has  feveral  kinds  of 
flops ;  there  is  one  which  being  played  re- 
fembles  a  flute  ;  another  which  gives  the  fame 
mufical  notes  as  the  above,  yet  differ  very  much 
in  found  :  for  whereas  thofe  refembled  a  flute, 
thefe  found  like  a  trumpet ;  another  flop  gives 
the  fame  mufical  notes  as  both  thefe,  yet  re- 
femble  an  hautboy.  The  like  may  be  inflanced 
in  bells,  the  firing  of  an  harpfichord,  violin, 
Sec.  So  I  can  with  my  mouth  found  a  row  of 
notes,  or  fing  a  fong  in  a  manner  refembling  a 
flute  ;  I  can  found  the  fame  notes  like  a  trum- 

D  3  pet, 
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pet,  an  hautboy,  and  other  inftruments  :  fo  in 
converfation,  I  can  talk  in  a  great  many  dif- 
ferent voices,  though  with  the  fame  tones  and 
loudnefs.  There  are  hardly  two  people  in  the 
world  whofe  voices  are  exactly  alike,  though 
they  were  to  talk  in  the  fame  mufical  tones, 
and  equally  loud ;  and  it  is  from  hence  that 
we  know  the  voices  of  people  who  are  talking 
to  us.  The  founds  alfo  which  are  yielded  by 
bodies  that  are  {truck  are  different,  though  of 
the  fame  tones  and  ftrength,  infomach  that 
there  are  hardly  two  kinds  of  bodies  which 
found  exactly  alike.  This  difference  of  founds 
I  call  the  mode  of  found  to  diftingtiifh  it  from 
the  tone  and  ftrength. 

"  Observation  I.  If  I  ftand  by  a  large 
church  bell  when  it  is  ftruck,  and  liften  atten- 
tively to  the  found  when  it  is  almoft  vamfl  ed, 
I  can  diftinguifh  not  one  found  or  note  only, 
but  feveral ;  for  the  real  note  of  the  btll  will 
go  off  and  be  no  longer  heard,  and  inftead 
thereof  other  founds  different  in  tone,  as  well 
in  mode,  will  arife,  which  in  fome  bells  are  more 
and  in  others  lefs  in  number  :  and  different 

pells 
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bells  exhibit  this  phenomenon  with  different 
degrees  of  diftlnctnefs. 

"  Obs.  II.  I  lived  near  a  church  in  which 
were  eight  bells,  and  the  clock  ftruck  on  the 
the  firft  four  of  them  every  quarter  of  an  hour, 
I  have  frequently  obferved  that  if  I  was  fo  fi- 
tuated  as  that  the  founds  could  hardly  be  heard, 
or  heard  indiflinttly,  the  founds  of  thefe  bells, 
which  otherwife  were  D,  C  fharp,  B,  A,  in 
thefe  cafes  totally  loft  their  fucceflion  ;  they 
gave  quite  different  tones,  as  G,  E,  C,  B,  or 
others,  and  their  modes  likewife  were  different. 

"  Obs.  III.  I  have  obferved  the  like  in  the 
voices  of  people  under  fimilar  circumftances, 
and  alfo  in  the  founds  produced  by  various  other 
methods.  1  mean  in  cafes  where  the  founds 
were  hardly  fenfible,  or  indiftinttly  heard, 

«  Ob  s.  IV.  I  once  faw  a  peal  of  fmall  houfe 
bells,  with  which  a  young  gentleman  ufed  to 
amufe  himfelf ;  if  I  flood  near  thefe  bells  when 
he  rang  them  they  were  very  tunable,  and 
made  good  mufic  ;  but  if  I  removed  to  a  dis- 
tance from  them,  though  I  heard  the  bells 

D  4  diftinclly 
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diftin^ly  ftruck,  they  no  longer  yielded  founds 
in  fucceflion,  every  one  a  note  lower  than  the 
preceding,  but  quite  irregular  and  confufed  : 
the  irregularity  was  different  at  different  dif- 
tances,  and  the  modes  were  altered  as  well  as 
the  tones. 

"  From  thefe  obfervations  I  gather  that  the 
tones  of  founds  which  are  yielded  by  bells,  <&c. 
are  not  fimple,  but  comjo/ed  of  other  tones.  Thus 
in  optics,  the  rays  of  light  in  the  fourth  fcries 
of  a  fpeclrum  caufe  a  green  colour,  -which 
being  produced  by  one  fort  of  r&ys  only,  may 
be  tePrned  fimple  ;  the  rays  of  the  third  leries 
are  yellow,  and  of  the  fifth  blue  :  yet  when 
mixed  equally  together,  they  no  longer  pppear 
as  yellow  and  blue  ;  but  a  colour  rcfults  from 
their  mixture,  which  is  the  fame  as  would  be 
caufed  ty  the  fimple  rays  of  the  fdurtb  feries. 
If  thefe  rays  are  again  ieparated,  they  no  longer 
caufe  a  green,  but  their  proper  colours  ;  if 
the  rays  are  mixed  in  unequal  quantities  they 
caufe  a  green,  not  like  the  oth>  r,  but  inclining 
to  the  colour  of  the  greateft  quantity  of  rays. 
Alfo,  if  either  in  equal  or  unequal  quantities 
they  are  mixed  not  perfectly  together  (fo  that 

for 
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for  example,  if  the  object  from  which  they 
come  be  viewed  near,  or  but  faintly  illumi- 
nated, thefe  colours  may  be  feen  diltincl: ;  yet 
if  viewed  at  a  diftance,  or  the  object  be  ftrongly 
illuminated)  they  caufe  an  imperfect  green,  fo 
all  the  feven  original  colours  mixed  together 
produce  a  white,  and  the  like, 

"Bodies  in  general  do  not  appear  exactly  of 
the  fame  colours  when  viewed  by  a  ftrong,  as 
when  viewed  by  a  faint  light,  which  I  take  to 
arife  from  hence  ;  that  bodies  do  not  reflect  an 
equal  quantity  of  each  fort  of  rays.  Suppofe 
that  a  body  refle£te4  four  parts  of  red,  three  of 
orange,  two  of  green,  and  one  blue ;  if  the 
light  be  fo  faiat  as  that  the  red  rays  chiefly 
be  fenfible,  ^he  object  will  be  redder;  and  if  the 
light  be  ilill  ftronger,  the  colour  will  vary  from 
that  red  with  the  increafe  of  the  illumination, 
till  it  appears  of  that  colour  which  ought  to 
refult  from  the  above  mixture. 

"  For.  the  fame  reafons,  if  two  founds  are 
mixed  equally  together,  and  of  equal  ftrengths, 
but  of  different  tones,  they  will  caufe  a  found 
whofe  tone  is  the  mean  between  the  tones  of 
the  two  founds  when  fcparate  :  thus  G  and  B 

being 
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being  mixed,  the  note  will  be  A ;  if  they  arc 
unequal  in  ftrength,  the  tone  will  incline  to- 
wards G,  or  B  in  proportion  ;  and  all  the  other 
inftances  of  colours  above  given  may  be  applied 
in  fome  meafure  to  founds. 

"  So  then  the  reafon  of  the  change  of  tones 
of  found  by  diflance,  inattention,  or  the  like, 
arifeth  from  hence;  that  if  the  {bunds  which 
are  blended  together  be  of  unequal  firengths, 
thofe  which  are  flrongeit  mull  reach  to  a  great- 
er diftance  than  thole  which  are  weaker ;  fo 
that  the  weaker  ones  not  affecting  the  ear,  or 
not  with  fufficient  force,  only  the  ftronger 
found  or  founds  which  reach  the  ear  will  be 
perceived  ;  but  if  the  founds  are  equally  Rrong, 
this  will  not  take  place.  The  founds  of  the 
bell  in  the  firfl  obfervation,  however,  are  to  be 
underftood  by  what  was  laid  above  of  colours 
being  mixed  imperfe&ly  together,  and  there- 
fore they  were  not  heard  as  one  found  but 
when  they  were  fufiiciently  ftrong,  lb  as  to 
fpread  their  effe&s  on  the  fenfe  into  one  ano- 
ther *. 

«  It 

*  The  note  of  latitude,  as  it  is  called,  in  wind  inftruments} 
may  depend  on  the  principle  of  the  mixture  of  founds  of  dif- 
ferent 
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«  It  has  ufually  been  thought  that  all  founds 
affett  the  fame  parts  of  the  ear ;  but  the  fatt 
appears  to  be  otherwife.  And  it  is  furprizing 
how  near  founds  may  be  to  each  other  in  the 
air,  and  yet  be  heard  diftintt,  and  even  when 
no  longer  heard  diftinft,  they  are  preferved  fe- 
parate  :  it  does  not  appear  that  two  founds 
form  only  one  vibration  when  thus  mixed,  but 
the  intermediate  tone.  A  theory  of  aerial 
founds  in  this  view  therefore  is  yet  wanting, 
as  well  as  that  of  different  founds  yielded  at 
the  fame  time  by  the  fame  body. 

"If  the  founds  thus  mixed  together  are 
concords,  they  form  perhaps  the  fweeteft 
modes  ;  and  on  the  contrary,  the  difagreeable 
modes  feem  to  be  compofcd  of  difcords.  The 
laft  five  or  fix  of  Bow  bells  are,  I  think,  the 
moft  agreeable  in  peal  of  any  that  I  ever  heard ; 
and  the  reafon  is  that  the  founder  has  judici- 
oufly  varied  the  modes  as  well  as  the  tones. 
This  obfervation  might  probably  be  applied  to 
good  ufe  by  lovers  of  mufic. 

Now  thefe  complex  founds,  though  we  per- 

fcrent  ftrenSths,  all  of  which  arc  not  audible  but  by  a  ftrong 
blaft. 

ceive 
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ceive  them  as  one,  do  not,  I  take  it,  excite  that 
innate  found  in  the  ear  which  anfwers  to  the 
tone  we  hear ;  but  every  one  of  the  vibrations 
which  compofe  that  complex  found  excites  its 
unifon,  which  are  fo  mixed  together  in  the 
fenfe  that  we  perceive  only  one  found,  the  re~ 
fult  of  the  whole,  as  before  obferved.  " 

What  relates  to  the  fenfe  of  feeling  (of 
which  I  had  no  idea  at  the  time  of  writing  the 
above)  has  already  been  explained,  and  which 
feems  to  have  a  great  fliare  in  thefe  modes, 
infomuch  that  the  mixture  of  the  founds,  and 
their  being  heard  as  one,  depends  on  it,  and 
not  on  the  innate  founds,  as  hath  been  fhewn. 
The  innate  founds  may  be  excited  in  greater 
or  lefs  number  ;  ftronger  or  weaker  ;  and  in 
more  or  lefs  harmonic  or  difcordant  relation  to 
each  other,  which  feems  to  be  all  that  found 
contributes  to  thefe  modes.  The  tremulous 
fenfe  of  feeling  excited  in  the  tympanum,  the 
parts  connected  with  the  little  bones,  the  portio 
dura,  the  nerve  that  adheres  to  the  tympanum, 
the  various  diftributions  of  the  twigs  of  the 
nerves  of  the  ear,  fo  as  to  form  fympathies 
with  other  parts,  and  the  affociation  of  ideas 

are, 
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arc,  perhaps,  all  concerned  in  thefe  modes, 
though  chiefly  the  firft.  I  have  only  begun  the 
fubjedt,  and  would  wifh  to  fee  it  further  profe- 
cuted  by  thofe  who  have  leifure  and  inclination. 
In  the  mean  time  it  may,  I  think,  be  admit- 
ted, that  "  as  the  colours  of  bodies  are  not 
fimple,  but  made  up  of  others,  according  to 
the  different  mixtures  of  the  rays  of  light 
iffuing  from  them,  fo  neither  are  their  founds 
fimple,  but  compofed  of  feveral  or  many  others, 
which  the  body  by  its  various  vibration  emits  ; 
and  which,  like  the  colours,  are  fo  mixed  to- 
gether in  the  fenfe,  as  to  appear  but  one,  the 
mean  of  all  the  ingredients.  The  modes  of 
the  founds  depend  on  the  manner  of  this  mix- 
ture." 
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INTRODUCTION. 

AS  I  have  had  occafion  to  mention  Mufic  in 
feveral  places  of  the  preceding  Effay, 
the  following  may  be  inferted  with  fome  de- 
gree of  propriety. 

Some  time  ago  I  found  out  the  theory  of  the 
harmonic  founds  yielded  by  mufical  firings, 
and  confcru&ed  a  fcale  of  them  for  four  ftringed 
inftruments  tuned  fifths,  without  then  knowing 
that  they  had  been  publifhed  long  before.  I 
have  fince  been  undeceived  by  the  friend  who 
informed  me  that  Tartini  had  difcovered  the 
theory  of  the  modes,  and  by  Mr.  Rouifeau's 
Dictionary.  There  are  two  very  material  points, 
however,  with  refpeft  to  the  practice  of  thefe 
founds,  which  I  cannot  find  any  account  of  in 
that  Dictionary ;  and  therefore,  as  my  paper  on 
this  fubjedt  is  Ihort,  I  will  fubjoin  the  whole 
of  it. 

THE 
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THE  common  found  of  a  mufical  firing 
is  catifed  by  a  fimple  or  fingle  vibration 
thereof ;  the  harmonic  found  by  a  various  vi- 
bration. 

If  one  of  the  firings  of  a  violin  be  flruck 
with  the  bow  open,  it  vibrates,  and  thereby 
yields  a  found  :  if  the  finger  pf  efs  the  firing  in 
the  middle  upon  the  finger  board,  its  lower  part 
only  will  vibrate,  and  its  vibration  will  be 
twice  as  fwift  as  that  of  the  whole  firing,  fo 
that  the  found  will  be  an  o£tave  above  the 
former. 

Bur  if  the  finger  be  laid  lightly  on  the 
firing,  without  preffing  it  on  the  finger  board, 

both 
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'  both  halves  of  it  will  vibrate  ;  their  vibrations 
will  coincide  with  each  other;  the  found  ari- 
fino-  therefrom  will  be  much  fweeter  than  in 
the  other  cafe,  and  will  be  the  harmonic  oclave 
to  the  open  fixing 

If  the  finger  be  placed  at  one  third  of  the 
firing  from  the  nut,  and  ftrnck  with  the  bow, 
it  will  vibrate  in  three  diftinct  and  equal  parts, 
coincident  with  each  other.  You  may  prove 
this  by  laying  another  finger  lightly  at  two 
thirds  ;  for  though  the  firing  be  thus  flopt 
double,  the  found  will  be  the  fame;  though  if 
you  remove  either  or  both  of  the  fingers  from 
thefe  points,  either  higher  or  lower  on  the 
firing,  the  note  ceafeth.  Alfo,  if  with  a  finger 
at  r»  you  bow  at  |>  no  fuch  found  will  be  ex- 
cited ;  but  if  you  remove  the  bow  fufficiently 
from  this  point  either  way,  the  found  again  a- 
rifeth  *.   The  vibration  in  this  cafe  being  to 

that 

*  You  may  fee  this  threefold  vibration,  at  leaft  in  the  filvcr 
firing:  but  in  a  bafs  viol  you  may  fee  it  much  plainer,  and 
there  the  four,  five,  and  fixfold  vibrations,  may  alfo  be  dif- 
tinguiflied  by  the  eye.  Each  harmonic  flop  is  not  confined 
to  the  point,  but  has  a  latitude,  and  the  points  of  the  i  and  \ 
divifions  have  a  greater  latitude  than  the  lefl'er  divilions.  The 

E  reafon 
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that  made  by  flopping  at  one  half,  as  3 -to  a 
makes  a  fifth  above  iu 

Place  the  finger  at  one  fcurth  of  the  firing 
from  the  nut,  it  will  vibrate  in  four  diftinct 
and  equal  portions,  coincident  with  each  other, 
and  being  twice  as  fwift  as  the  firfc,  the  found 
will  be  an  odtave  above  it. 

Remov  e  the  finger  fucceffivdy  to  h  |,  f,  f,  £, 
of  the  firing,  it  will  vibrate  in  5%  6,  7,  8,  bud 
9  equal  parts  ;  and  you  will,  for  reaicrs  f  mi- 
lar  to  thofe  given  above,  have  a  (harp  third,  a 
fifth,  and  very  lharp  fixth  (or  flat  feven.hj  to 
the  o£tave;  an  o£tave  to  that,  and  a  full  tone 
above  that  double  c£lave,  and  you  may  go  frill 
higher,  by  taking  the  -ru>  rr>  tV>  Sec.  of  the  firing. 

The  above  notes  may  be  made  by  flopping 
at  any  other  point  befides  y>  h  h  *  &c.  and  like- 

rcafon  of  this  latitude  is,  that  near  the  points  the  motion  of 
the  ltring-  is  -rery  fmall,  and  therefore  is  not  much  interrupt- 
ed by'thr  finger;  whereJs,  nearer  the  middle,  the  vibration 
is  more  eafily  ftopt.-  The  tone  is  alfo  a  little  altered  when 
the  finger  is  net  ex;.cl:ly  on  the  point ;  the  reafon  is  obvious.. 

*  Any  oF  thefe  frets  may  be  ufed  in  pra&ice,  when  more 
convenient  than  the  other. 

wife 
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wife  by  flopping  at  all,  or  more  than  one  of 
thcfe  divilions  :  thus,  the  fifth  above  the  key- 
may  be  made  by  flopping  at  f  from  the  nut,  as 
well  as  at  7,  and  alfo  by  flopping  at  both  j  and 
%  The  octave  may  be  made  by  flopping  at  i 
or  i  as  well  as  at  i  from  the  nut  ;  and  alfo  by 
flopping  at  all,  or  more  than  one  of  thefe  points 
(which  may  be  done  by  threads  faflened  acrofs 
the  firing  round  the  inflrument).  The  fharp 
third  above  the  oftave  may  be  made  by  flop- 
ping at  71  h  t»  as  well  as  at  |,  and  likewife  by 
flopping  at  all,  or  more  than  one  of  thefe 
points  ;  and  fo  of  the  reft.  Whence  you  have 
this  caution;  "  that  if  you  do  not  happen  to 
flop  right,  fome  other  note  than  that  intended 
may  arife."  Thus,  if  you  place  your  finger  a 
little  below  J-  from  the  nut,  you  light  on  one 
of  the  3  divifions,  and  fo  have,  inflead  of  a  fifth, 
the  fharp  tenth:  a  little  lower  you  fall  on  one 
of  the  r  divifions,  which  gives  the  fharp  13 
(or  flat  14)  and  fo  of  others  ;  of  which  there- 
fore you  muft  be  aware, 

Also  you  muft  be  careful  not  to  bow  upon 
the  points  or  divifions  of  the  firings,  for  then 
either  no  found  will  arife,  or  not  that  defigned, 

E  2  but 
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but  between  thefe  points :  thus,  if  you  flop  at 
i  you  mufr  not  bow  at  £,  but  between  that  and 
the  bridge,  or  between  other  pointy  thou  ah 
that  next  the  bridge  is  beft,  the  firing  being 
moil  ftcady  there.  From  whence  aHb  it  ap- 
pears "  that  you  muft  b5w  nearer  to  the  bridge 
in  proportion  as  you  me  an  higher  fret,"  the 
•clivilion  being  kis, 

Likewise  when  you  flop  at  1,  you  will, 
inflead  of  the  key,  often  get  its  o  ave,  unlefs 
you  bow  towards  the  verge  of  i  firm  the  nut} 
becaufe  'the  i  fret  is  alio  a  j  clivilion  *.  But  by 
bowing  near  to  {-  you  do  not  excite  the  eclave, 
for  reafons  which  may  be  feen  Uxwe  ;  and  fo 
of  other  notes, 

A  string  is  fo  apt  to  run  into  harmonic 
vibrations,  that  thefe  founds  may  be  raifed 
merely  by  bowing  on  proper  parts  of  it,  with- 
out flopping  with  the  finger  :  thus,  if  you 
bow  on  the  proper  parts  of  the  filver  firing 
near  the  bridge,  you  have  thirds,  fifths,  eighths, 

*  It  is  likewife  a  •§•,  ^  Sec.  divifion.  The  like  may  be 
obferve.d  of  the  ~,  and  other  frets :  and  the  various  refpe£tive 
■founds  may  be  raifed  by  bowing  properly,  as  above, 

and 
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and  other  harmonic  notes  ;  and  they  may  like- 
wife  be  raifed  by  bowing  on  other  parts  of  the 
firing,  by  obferving  what  was  faid  in  the  pre- 
ceding paragraph.  The  bow,  in  thefe  cafes, 
arts  in  a  double  capacity,  for  it  both  flops  and 
vibrates  the  firing  *. 

From  what  has  been  faid,  it  appears  "  that 
the  harmonic  founds  are  made  by  flopping  the 
firing  lightly,  according  to  the  proportions  in 

*  I  find  by  the  Dictionary  of  Mufic,  that  Tartini  has 
founded  his  fyflem  on  this  obfervation  :   I  am  miftaken, 
however,  if  he  has  not  proceeded  cn  a  wrong  principle.  He 
fays  (if  I  remember  right,  for  I  have  not  the  book  now  by 
me),  that  when  a  firing  is  founded,  all  the  notes  harmonic 
to  the  found  naturally  arife  with  it ;  and  he  applies  it  to  all 
other  founds.    It  is  true  that  if  you  flrike  a  firing  with  a 
bow,  you  will  often  raife  fome  of  the  harmonic  founds,  for 
a  reafon  given  in  the  laft  paragraph  ;  and  that  a  firing  mould 
vibrate  as  a  whole,  and  in  diflindl  parts  at  the  fame  time,  is 
as  eafy  to  conceive  as  that  the  moon  can  revolve  at  once 
round  the  fun  and  our  earth.   If,  however,  you  excite  the 
found  of  a  firing  by  any  other  means,  as  by  finking  it  with 
a  flick,  or  pulling  it  with  the  finger,  I  do  not  find  that  any 
fuch  founds  arife.    I  have  not  yet  had  leifure  to  fatisfy  my- 
felf  concerning  this  matter ;  but  mean  to  examine  both  this, 
and  what  Tartini  fays  of  the  third foundsy  when  I  have  a  con- 
venient opportunity. 

E  3  the 
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the  following  ferles,  viz.  h  h  h  h  h  r » h  h  &c\ 
the  firing  vibrating  in  as  many  diftinft  and 
equal  portions  as  the  denominator  hath  units, 
all  in  unifon  with  each  other ;  and  the  founds 
being  higher  according  as  the  portions  of  the 
firing  become  fhorter  ;  that  is,  according  to  the 
fwiftnefs  with  which  thofe  parts  vibrate." 
This  may  fuffice  for  the  theory  of  thefe  founds, 
we  may  now  proceed  to 


THE  PP.ACTICE. 

The  firings  of  the  violin,  &c.  being  tuned 
fifths  *,  the  harmonic  notes  on  them  will  be  as 
in  the  following  fcale. 

*  By  means  of  thefc  founds  the  inftruments  may  be  tuned 
to  the  greateft  exa&nefs  :  to  do  which  you  have  only  to  fcrew 
up  the  firings  fo  as  to  bring  the  £,  9,  1 3  on  the  line  £  in  uni- 
fon with  the  5,  9,  13  in  the  line-f  (fee  the  fcale);  and  as  the 
ear  can  better  judge  of  an  unifon  than  a  fifth,  you  may  tune 
to  greater  perfection  than  in  the  common  way.  This  alfo  I 
could  not  find  in  Mr.  Roufleau's  Dictionary. 


SCALE. 
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SCALE. 

Fourth  String      *  ^    00   5    5  £ 
Third  String      ^  ^    ~  ^  &c. 


en  "I 

a* 


Second  String  -    -    ~    g    £   £  &c. 

3 

Firft  String         £   ^g'sj  ^'&Ci 

The  divifions  from  |    ,       ,      jii      i      i  *.r 
the  nut  J  * '    *     *     T     *     T  rXCt 

You  may  carry  it  ftill  higher,  by  adding  frets 
above  i  ;  but  this  commands  a  fufficient  com- 
pafs  of  notes  for  practice.  It  has,  however, 
the  inconvenience  of  being  incomplete,  efpe- 
cially  in  the  loweft  and  beft  notes. 

With  a  view  therefore  to  improve  this 
fcale,  or  obtain  one  more  perfect,  imagine  the 
firings  to  become  continually  fhorter,  or  that 
the  bridge  and  nut  approach  toward  each 
other  with  a  regular  motion  ;  the  divifions  of 
&  f>  h  h  h  &c.  will  ftill  remain  in  the  fame  pro- 
portions, but  on  a  fcale  continually  contracting 
or  leflening ;  and  the  founds  will  become  higher 
in  proportion  to  the  fhortnefs  of  the  firings. 

E  4  To 
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To  reduce  this  to  pra&ice,  place  the  little 
finger  lighty  on  h  $,  j,  or  any  other  harmonic 
fret  of  either  of  the  fixings ;  place  the  fore  fin- 
ger on  the  nut,  and  flrike  the  harmonic  found 
with  the  bow,  continue  the  bowing  while 
you  Aide  your  fere  finger  from  off  the  nut 
upon  the  firing,  preffing  it  down  hard  on  the 
finger-board,  and  from  thence  along  the  firing 
up  towards  the  bridge,  bringing  your  little 
finger  nearer  towards  it,  fo  as  that  you  may 
be  always  at  f  (if  you  ufe  that  fret)  of  that 
part  of  the  firing  between  the  fore  finger  and 
bridge,  fo  fnall  you  have  a  continually  afc end- 
ing harmonic  found.  From  •w  hence  it  appears, 
"  that  you  may  make  an  harmonic  found  of 
what  degree  of  fharpnefs  or  flatnefs  you  pleafe" 
(within  the  compafs  of  the  inflrument)  :  with 
founds  made  after  this  manner,  therefore,  you 
may  fupply  the  deficiencies  of  the  above  fcale, 
at  leafl  from  5,  upwards ;  whereby  you  may 
make  it  as  perfedl  as  you  pleafe. 

O  r  you  may  compofe  your  fcale  intirely  on 
this  plan,  (though  it  muft  be  owned  that  the 
notes  are  lefs  harmonious  than  when  the  firings 
are  not  hard  ftopt)  ;  thus,  make  G,  A,  B,  C,  on 

the 
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the  filver  firing  as  in  the  common  way,  flop- 
ping hard  for  thofe  notes  with  the  fore  finger, 
and  making  them  harmonic  by  flopping  lightly 
with  the  little  finger  at  \  of  that  part  of  the 
firing  between  the  fore  finger  and  bridge,  and 
fo  on  with  the  other  firings.  By  this  means 
you  have  a  compafs  of  fixteen  notes,  ufmg  only 
one  fret,  and  going  no  higher  than  A  on  the 
treble  firing.  But  byfhifting  the  hard  flop  to 
B,  C,  D,  Sec.  you  may  go  ftill  higher ;  and 
higher  after  all  by  changing  the  fret  for  thofe 
above.  You  may  alfo  fhift  on  the  other  firings, 
and  on  any  part  of  any  firing  you  may  by  this 
means  make  not  one  only,  but  as  many  harmo- 
nic founds  as  your  fingers  can  command  frets. 
The  practice  indeed  is  fomewhat  difficult,  but 
can  be  done,  I  imagine,  fufficiently  well  by  one 
ufed  to  fhifting  and  double  flops  ;  or,  in  other 
words,  by  a  mailer  of  the  violin. 

But  the  bcfl  fcale  for  practice  that  has  yet 
occurred  to  me  is  the  following. 


A  Scale 


74 


PHILOSOPHICAL 


A  Scale  of  the  harmonic  notes  of  the  violin, 
according  to  the  Diatonic  Genus  •  which 
therefore  might  eafily  be  varied  for  the  other 
genera,  and  alfo  for  other  inftruments  of  the 
the  viol  kind. 

Take  only  the  following  notes  cf  the  forme^ 


Scale. 

G 

D 

A 

E 

* 

* 

* 

»k 

# 

B 

B 

psh. 

CSh. 

GSh. 

G 

D 

A 

E 

-H- 

D 

A 

E 

B 

G 

* 

Thefe  notes  run  thus  :  G,  *,  *,  *,  D,  *,  *,  G^ 
A,  B,  *  D,  E,  Ffharp,  G,  A,  B,  Clharp,  D,  E,  *, 
G>A,B,  *,  *,E. 

I  have  rejeftcd  the  D,  A,  E  in  the  line  h 
and  alio  thofe  in  the  line  $,  becaufe  they  are 
more  convenient  for  playing  in  the  lines  i  and 
h:  I  rejed  all  the  notes  above-1,  and  likewife 

thofe 
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thole  in  f,  becaufe  they  are  too  difficult  to  hit, 
and  becaufe  thofe  made  by  the  hard  flop  are 
more  harmonious.  Perhaps  thofe  on  -§-  might 
alio  be  rejected  for  the  fame  reafon.  The  va- 
cancies may  be  filled  up  as  follows. 

The  fingers  not  being  long  enough  to 
complete  the  notes  from  G  to  D,  the  fcale  can 
only  be  perfected  from  D  upwards. 

In  order  to  this,  place  your  fore  finger  on 
the  filver  firing,  as  for  making  the  common  G 
(harp,  prefling  the  firing  down  on  the  finger- 
board, as  in  the  common  way,  at  the  fame  time 
lay  your  little  finger  as  lightly  as  poflible  on 
the  firing  at  one  third  part  of  the  diflance  be- 
tween your  fore  finger  and  the  bridge,  found  with 
the  bow,  and  ycu  have  the  harmonic  D  fharp. 

Remove  the  fore  finger,  as  for  making  the 
common  A,  and  the  little  finger  a  little  farther 
on,  you  have  E. 

Make  common  A  fharp  with  your  fore 
finger,  and  remove  your  little  finger  fomewhat 
nearer  to  the  bridge,  you  have  F. 

Make 
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Make  the  common  S  with  your  fore  finger^ 
and  remove  your  little  finger  a  little  farther 
on,  you  have  F  fharp. 

Make  the  common  fharp  C  with  your  fore 
finger,  and  place  your  little  finger  at  one  third 
part  of  the  diitance  between  your  fore  finger 
and  the  bridge,  you  have  G  fharp. 

A  (harp,  C,  C  fharp,  D  fharp  may  be  made  on 
the  third  firing  in  the  fame  manner  as  D  fharp, 
F,  F  fharp,  G  fharp  were  made  upon  the  fourth  \ 
and  in  a  fimilar  manner  you  may  proceed  to 
fill  up  the  vacancies  in  the  remaining  part  of 
the  fcale,  the  particular  directions  for  which 
would  be  needlefs,  after  having  explained  fo 
fully  thus  far.  The  1  fiop  ahvays  making  the 
harmonic  otfave  fifth  to  the  note  made  by  the  fbrr 
finger  in  the  comnton  way. 

It  is  fomewhat  difficult  for  thofe  whofc 
fingers  are  fhort,  to  command  the  }  flop  to  ad- 
vantage. In  that  cafe,  the  i  flop  may  be  ufed 
as  follows ;  but"  the  fcale  can  only  be  com- 
pleted from  tne  fecond  G  upwards. 


Make 
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Make  common  G  (harp  on  the  filver  ftring 
with  your  fore  finger,  and  at  the  fame  time  lay 
your  little  finger  as  lightly  as  polfible  on  the 
the  ftring  at  |  of  the  diftance  between  your 
fore  finger  and  the  bridge,  you  have  the  har- 
monic G  fliarp. 

Make  the  common  A  fliarp,  C,  and  C  fliarp 
wkh  your  fore  finger,  and  place  your,  little 
finger  at  one  fourth  of  the  diftance  between 
your  fore  finger  and  the  bridge  as  lightly  as 
you  can,  you  have  the  harmonic  A  fliarp,  C, 
and  C  fliarp.  And  in  the  fame  manner  you 
may  proceed  with  the  other  firings.  For  ob- 
ferve,  that  whatever  mte  you  make  ivith  your 
fore  finger  in  the  common  ivay,  by  laying  a 
finger  lightly  on  the  firing  at  one  fourth  of  the 
diftance  between  your  fere  finger  and  the  bridge^ 
you  make  the  harmonic  double  otfave  to  that  notei 
which  rule  is  perfectly  plain  and  eafy  for  prac- 
tice. The  founds,  however,  are  not  quite  fo 
fine  as  thofe  made  by  (lopping  at  j;  and  in  nei* 
ther  cafe  are  they  fo  fine  as  when  made  by  the 
open  ftring,  without  the  ufe  of  the  fore  finger, 
except  in  the  inftances  mentioned  before  ;  for 

which 
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which  reafon  the  notes  in  the  fcale  above  fliould 
be  ufed  whenever  they  can. 

N.B.  If  the  firing  be  preffed  down,  not  with 
the  flefhy  part  of  the  fore  finger,  but  with  the 
nail,  the  founds  will  be  much  better.  Alfo  in 
general  if,  when  you  have  ftruck'a  note,  the 
finger  which  makes  the  light  flop  be  taken  off 
from  the  firing  together  with  the  bow,  the 
found  will  continue  a  while  after,  and  there- 
fore be  more  pleafmg ;  in  the  open  firing  efpe- 
cially  this  has  a  fine  effedt  when  properly  exe- 
cuted. But  if  this  rule  be  obferved  only  when 
you  ufe  the  hard  flop,  and  not  when  you  ufe 
the  open  firing,  the  founds  will  be  brought  to 
an  equality  of  fweetnefs  ;  at  leafl  a  good  per- 
former will  be  able  to  do  it  fo  well,  that  the 
difference  fliall  not  be  fenfible  to  an  ordinary 
ear.  The  rule,  however,  may  be  obferved  to 
great  advantage  in  the  following  fcheme,  where 
only  open  firings  are  ufed.  (  That  fcheme^  and 
the  perfecting  of  the  former  one  by  means  of  the 
hard  or  fore  finger  fop,  are  the  two  particulars 
which  I  could  not  find  in  RonJfeaUy  as  mentioned 
before.  J 
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A  Description  of  an  Harmonic  Viol;  the 
Scheme  of  which  may  be  applied  to  any  in- 
ftrument  of  the  viol  kind. 

THE  SCHEME. 
Fourth  String      ~  ^    ro   £    S   X   £  &c- 


Third  String  »  *  ~  ~  £  &* 
Second  String     «»'  ^    5    £  £    £  ^  &c- 

p.  r- 

Firft  String               ^   "   Z  ~  w  &c* 

g>  a 

Pivifions  from  the  nut    f     j     i     |  If  i  &c* 

When  you  are  playing  the  violin,  or  other 
viol  in  the  common  way,  and  would  introduce 
at  times  the  harmonic  notes,  you  muft  do  it 
according  to  the  directions  already  given.  But 
for  playing  a  piece  all  through  in  harmonics, 
you  may  ufe  the  above  fcheme,  the  firings  of 
the  injirument  being  tuned  each  one  note  above 
another.  The  notes  will  then  lie  in  a  very  na« 
tural  and  eafy  order  for  playing ;  and  the  firings 
being  open,  you  may  manage  thefe  founds  to 
thf;  greateft  advantage.  You  may  tune  it  to 
any  inflrument  or  pitch  at  pleafure  ;  and  you 
may  alfo  flatten  or  fliarpen  any  of  the  firings 

fwerable  to  the  key,  only  remembering  that 

all 
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all  the  notes  on  thefe  firings  are  then  flat  or 
fharp  ;  and  as  mofl  of  the  notes  are  double, 
you  cannot  be  at  a  lofs  for  the  natural  ones,  &c. 
Imagination  alfo  may  make  this  fcheme  Mill 
more  complete  :  if,  for  example,  you  pitch  in 
8,  you  may  lharpen  the  fecond  firing,  if  a  fharp 
key,  and  fuppofe  the  notes  on  -f  and  f  out  of 
the  queftion,  fo  that  the  nctes  you  want  will 
run  on  in  a  more  eafy  and  natural  order,  and 
the  fharp  firing  will  alfo  give  the  fharp  thirds 
and  fevenths  all  through.  The  like  of  other  keys 
or  pitches.  In  fome  pitches  you  may  take  only 
three  firings,  and  tune  the  other  a  fourth,  fifth, 
eighth,  a  flat,  or  fharp,  or  whatever  you  have 
occafion  for.  Thus,  if  you  pitch  in  6,  you 
may  tune  the  fourth  firing  a  fourth  under,  by 
which  means  you  not  only  have  that  fourth 
more  convenient  than  by  going  down  to  t,  but 
have  alfo  the  octave  below  the  key,  with  other 
notes  above,  which  fome  performances  might 
require  :  or  you  may  add  a  fifth,  or  fixth  firing, 
and  rcferve  them  as  by-flrings,  for  thefe  and 
the  lijke  purpofes, 

One  finger  can  very  eafily  manage  the  notes 
on  each  fret  or  crofs  line,  as  the  firings  are  not 

to 
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to  be  preffed  down,  but  the  finger  flipt  as 
lightly  over  them  as  pomble.  The  firings 
fliould  be  all  of  a  fize,  or  nearly  io ;  not  fmall ; 
and  as  even  and  clear  toned  as  poffibfefc  If  the 
inftrument  was  longer  than  a  violin  (I  mean 
on  account  of  the  firings),  and  if  it  was  made 
fomewhat  like  a  mandoline  or  guittar,  perhaps 
the  founds  would  be  more  melodious  ;  fnch  an 
inftrument  would  do  very  well  to  play  harmo- 
nics all  through  with  ;  and  a  mafter  would  not 
be  at  a  lofs  to  play  with  it  by  turns  (by  means 
of  fhifting)  in  the  common  way  alfo. 


P.  S.  Since  the  note  in  page  69  was  fent  to 
the  Printer,  I  have  fatisfied  myfelf  that  the 
harmonic  founds  which  arife  by  bowing,  de- 
pend entirely  on  the  bow,  as  therein  obferved; 
for. 

t  No  fu'ch  founds  ever  arife  by  making  the 
ftring  found  by  any  other  method  that  I  can 
difcover. 


JL  The  founds  which  arife  depend  entirely 
on  the  part  of  the  ftring  bowed  upon  :  and  the 

F  part 
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part  of  the  firing-  to  be  bowed,  on,  in  order  to 
produce  any  given  harmonic  found,  ranv  even 
be  calculated,  by  proceeding  pg  tl.o  data  deli- 
vered in  the  fecond  and  third  m  /uons  in  the 
theory  above. 

III.  The  bow  therefore  acts  in  a  double  ca- 
pacity in  thefe  cafes,  both  flopping,  and  vi- 
brating the  firing,  as  before  obferved. 

IV.  The  eye  can  very  eafily difringuifh  when 
a  firing  vibrates  harmonically,  and  when  only 
in  the  common  way ;  in  the  latter  cafe,  the 
whole  firing  freely  and  viilbiy  forms  the  har- 
monic curve  ;  in  the  former  only  its  aliquot 
parts.  Both  thefe  cafes  may  indeed  happen  to- 
gether, as  hath  already  been  noticed,  but  then 
the  latitude  of  the  vibration  of  the  whole  firing- 
is  proportionally  and  even  vifibly  affetled. 

V.  If  Tartini's  theory  were  jufl,  the  flronger 
the  firing  was  made  to  vibrate,  the  louder 
would  the  harmonic  founds  be  excited:  but  the 
contrary  of  this  obtains ;  for  in  order  to  raife 
thefe  founds  we  mufl  bow  very  lightly,  for.  if 
the  bowing  be  ftrong  no  fuch  founds  are  heard. 

I  COULD 
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I  could  enter  into  a  more  ample  refutation 
of  this  theory;  but  thefe  few  hints  will  be  fuffi- 
cient  to  the  philofopher  and  mathematician.  If 
any  one  choofes  to  examine  the  matter  by  ex- 
periment, he  will  do  well  to  obferve  that  bow- 
ing with  a  common  bow,  and  with  a  flngle 
hair  makes  a  very  material  difference  ;  the 
former  occupies  a  greater  fpace  on  the  firing, 
and  therefore  raifes  more  notes,  and  in  a  more 
irregular  manner  :  but  this  is  avoided  by  ufing 
only  a  fingle  hair. 

I  would  wifh,  however,  not  to  be  mifun- 
derftood.  That  a  firing  of  an  harpfichord,  Sec. 
when  founded  affe&s  all  thofe  firings  that  are 
concords,  I  by  no  means  deny  ;  they  do  it  on 
the  fame  principle  that  one  firing  excites  an- 
other which  is  in  unlfon  with  it,  and  which  is 
too  well  known  to  philofophers'  to  need  expla- 
nation. But  that  a  firing  when  founded  raifes 
alfo  the  various  harmonic  founds  which  that 
firing  yields  by  vibrations  in  its  aliquot  parts, 
is,  I  think,  fufficiently  refuted  by  what  has 
been  faid,  or  at  lead  could  be  refuted  by  pur- 
fuing  thefe  hints. 

Fa  AN 


A  N 

INQUIRY 


CONCERNING 

COMBUSTION. 


SECTION  I. 

The  principal  Phenomena  of  incombujlible  Bodies* 

J.  TF  an  incombultible  body  be  cxpofed  to 
the  focus  of  the  fun's  light  collected  by 
a  burning  glafs,  to  a  culinary  fire,  to  fridtion, 
or  the  like,  it  will  become  hot ;  and  its  heat 
will  be  greater,  according  to  the  power  of 
the  agent.  The  heat  will  continue  as  long  as 
the  caufe  continues  to  aft. 

H.  But  if  that  caufe  be  removed,  the  body 
lofes  its  heat  by  degrees,  till  it  becomes  of  an 
equal  temperature  with  the  fubftanccs  around. 

f  2  nr. 
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III.  Bodies  are  expanded  by  heat,  and  con- 
traded  by  cold;  and  different  bodies  in  a 
greater  or  lefs  degree,  according  to  their  den- 
fity,  the  cohehon  of  their  particles,  and  other 
circumftances. 

i 

IV.  If  a  folid  incombuftible  body  be  heated, 
and  another  be  applied  to  it  cold,  the  former 
will  communicate  heat  to  the  latter,  and  if  the 
heat  of  the  former  be  fufficiently  kept  up,  it 
will  in  the  encicaufe  the  latter  to  be  hot  to  any 
polfible  degree. 

N.  B.  By  cold,  I  mean  a  degree  of  heat  lefs 
than  that  of  the  common  temperature  ;  and 
by  heat)  the  contrary.  But  it  is  more  phi- 
lofcphical  to  ufe  only  the  term  heat,  and  to 
confider  bodies  as  more  or  lefs  hot  according  as 
they  raife  or  fink  the  fluid  in  the  thermometer. 

V.  When  an  incombuftible  body  is  heated 
to  a  proper  degree,  it  emits  light,  fo  as  to 
caufe  the  body  to  appear  luminous  to  the 
eye,  the  light  increafes  with  the  heat;  but 
if  it  be  fuffered  to  cool,  the  light  decreaies 
again  with  the  heat ;  and  when  it  arrives  at 

abouL 
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about  the  fame  degree  as  when  it  began  to 
mine,  the  light  ceafes  to  be  vifible  :  if  another 
body  be  applied  to  this  when  fufftciently  lumi- 
nous, it  will  aLfo  acquire  from  it  a  luminous 
heat. 

VI.  Bodies  heated  till  they  become  lumi- 
nous, are  faid  to  be  ignited, 

VII.  Solid  bodies  are  rendered  fluid  by 
heat ;  and  fluid  bodies  with  fufficient  degrees 
of  heat  are  turned  into  vapour.  But  different 
degrees  of  heat  are  requiflte  to  produce  thefe 
effe&s  on  different  bodies. 


Sect. 
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SECTION  II. 

The  Phenomena  of  combujlible  Bodies. 

JJJAVING  prcmifed  as  much  as  was  judged 
neceflary  concerning  the  heat  and  light 
of  uninflammable  bodies,  we  may  proceed  to 
the  fubject  of  inflammable  ones. 

.  I.  If  a  fufflcient  heat  be  applied  to  a  per- 
fectly inflammable  body  expofed  to  the  air,  it 
will  kindle  into  a  flame  :  but  this  flame  does 
not  require  the  afliftancc  of  the  caufe  by  which 
it  was  kindled  in  order  to  the  continuance  of 
its  heat  and  light,  as  is  the  cafe  with  inflam- 
mable bodies.  It  has  the  property  of  maintaining 
or  fupporting  itfelf  till  the  whole  of  the  body 
or  fubftance  is  confumed. 

II.  A  bod  y,  or  vapour,  when  heated  as  above 
is  faid  to  be  red  hot ;  but  the  adjective  fliould 
be  varied :  and  we  may  with  equal  propriety 
lay  that  the  flame  of  fulphur  is  blue  hot ;  the 
flame  of  copper  green  hot,  and  fo  of  other  co- 
lours 
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lours.  Uninflammable  bodies,  in  the  firft  de- 
gree of  luminous  heat,  emit  the  red-making 
rays  moft  copioufly,  and  thence  are  faid  to  be 
red  hot.  If  they  are  heated  more  violently, 
they  emit  all  the  rays  in  more  equal  propor- 
tion, and  thence  are  faid  to  be  white  hot.  Thus 
alfo  the  flame  of  fulphur  emits  the  blue-making 
rays  moft  copioufly  ;  the  flame  of  copper  the 
green,  and  fo  of  others  ;  /hining  hot,  therefore, 
would  be  a  more  proper  general  expreflion. 

III.  In  order  that  combuftible  bodies  may 
burn,  or  flame,  they  mud  not  only  be  expofed 
to  the  air,  but  raifed  into  vapour :  and  even  the 
vapour  thus  raifed  muft  be  put  into  a  proper 
ftate,  otherwife  no  flame  wili  be  produced. 
Thus,  fpirit  of  wine  may  be  evaporated  entirely 
in  open  air,  and  yet  no  combuftion  happen. 

IV.  The  chief  circumftance  requifite  to  the 
inflammation  of  a  combuftible  vapour  in  open 
air,  is  a  due  degree  of  heat ;  if  that  be  applied 
to  the  vapour  when  properly  compreflfed  by  the 
atmofphcrc,  it  inflames,  in  whatever  manner 
the  heat  be  communicated.  The  touch  of  an 
inflammable  body  already  burning,  or  of  an  un- 
inflammable 
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inflammable  body  ignited,  is  not  necelfary  for 
that  purpofe.  ' 

V.  Different  combuftiblc  bodies  rcqtdrc 
different  degrees  of  heat  to  make  them  burn  ; 
for  as  they  only  burn  by  a  flame,  they  muft 
iirft  be  raifed  into  vapour.  But  different  in- 
flammable fubftances  require  different  degrees 
of  heat  to  raife  them  into  vapour  according  to 
their  volatility  :  and  even  afterwards,  this  va- 
pour is  more  or  lefs  difficult  to  be  turned  into' 
flame,  according  as  it  is  in  its  nature  more  or1 
lefs  combuftible. 

I 

VI.  In  order  that  the  combuftion  may  be  con- 
tinued after  once  begun,  without  the  afliftance 
of  extraneous  heat,  the  body  muft  be  poflefled 
of  a  fufficicnt  quantity  of  the  inflammable  prin- 
ciple, or  phlogifton;  and  then,  if  the  other  in- 
gredients of  that  body  be  in  due  proportion, 
and  fufficiently  volatile,  the  combuftion  will 
continue  as  long  as  any  of  the  fubftance  remains; 
as  happens  with  alcohol.  If  the  phlogifton, 
though  in  fufficient  quantity,  be  combined  with 
matter  of  a  fixed  nature,  the  afliftance  of  ex- 
traneous heat  is  neceflary  to  the  combuftion, 

as 
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as  without  it  the  particles  of  the  body  with 
which  the  phlogiilon  is  combined,  cannot  be 
duly  expofed  to  the  action  of  the  air  :  this  hap- 
pens with  fome  metals.  V egetables,  and  moft 
other  combuftible  bodies  partake  of  both  thefe 
cafes.  And  even  after  the  latter  operation  is 
carried  as  far  as  poflible,  a  fubftance  will  remain 

which  is  a  truly  incombuftible  body.  The 

combuftion  in  the  former  cafe  is  called  inflame 
mation  ;  in  the  latter?  calcination, 

VII.  A  shining  heat  in  the  body  of  the 
matter  to  be  burnt  has,  properly  {peaking,  no 
connection  with  its  combuftion.  Thus  iron  is 
ignited  before  its  combuftion  begins  ;  fulphur, 
on  the  contrary,  burns  before  it  has  acquired 
that  degree  of  heat.  Burning  phofphorus  can- 
not fet  fire  to  zinc  ;  but  zinc  can  inflame  phof- 
phorus long  before  it  has  acquired  even  a 
luminous  heat.  Different  fubflances  require 
different  degrees  of  heat  to  begin  their  com- 
buftion, as  mentioned  before  :  and  if  the  due 
degree  of  that  heat  be  applied,  provided  the 
Vapour  be  fumciently  inflammable,  duly  con-* 
denfed,  and  expofed  to  the  action  of  the  air, 
the  inflammation  takes  place,  though  the  body 
\  "  ^ 
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by  which  it  is  communicated  be  neither  in  ac- 
tual combuftion,  nor  ignited. 

VIII.  It  has  been  fufficiently  demonftrated 
by  philofophers  that  combuftible  bodies  contain, 
a  principle  which  they  call  phlogijlon;  and  that 
this  conftitutes  the  eflential  difference  between 
combuftible  and  incombuftible  bodies  ;  I  fay 
which  they  call  phlogifton,  for  they  fuppofe 
that  this  principle  is  refolved  into  elementary 
fire  by  combuftion,  and  hence  they  account  for" 
the  heat  and  light  attending  this  procefs  :  Dr. 
Black  terms  it,  for  this  reafon,  the  principle  of 
inflammability,  and  others  again,  the  infta??i??uible 
principle.    But  it  will  appear,  in  the  courfe  of 
the  following  Effay,  that  the  phlogifton  is  a 
fixed  principle,  of  a  nature  very  different  from 
what  it  has  hitherto  been  imagined ;  that  it  is 
not  fire  ;  and  that  it  is  only  mediately  the  caufe 
of  heat  in  combuftion.    For  thefe,  and  other 
reafon s  which  will  be  fecn  in  the  fcquel,  I 
would  fubmit  to  the  learned  whether  any  of 
the  terms  above  mentioned  ought  to  be  conti- 
nued ?  and  whether  cledrofi,  or  fome  other, 
ought  not  to  be  fubftitutcd  in  their  ftcad  ?  I 
have, ;  however,  ufed  the  old  word,  till  I  have 
their  approbation  for  adopting  a  new  one. 

SECT. 
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SECTION  III. 

Of  the  Principle  on  which  Combujiion  depends, 

EXPERIMENT  I. 

TF  alcohol  be  evaporated  with  an  heat  not 
fumcient  to  inflame  it,  and  the  vapour  be 
condenfed,  it  will  be  found  the  fame  fubftance 
as  before. 

Exp.  II.  If  the  vapour  of  alcohol  be  in- 
flamed, 2nd  what  flies  off  condenfed,  it  will 
not  be  found  to  be  alcohol,  nor  even  an  inflam- 
mable fubftance;  for  nothing  but  water  can 
be  difcovercd  in  it. 

Corollary  I.  By  inflammation,  therefore, 
the  vapour  of  alcohol  is  decompofed  :  and  this 
holds  good  with  all  inflammable  vapours. 

Exp.  III.  If  the  wick  of  a  candle  be  fet 
fire  to  in  open  air,  the  flame  will  continue  un- 
til the  candle  is  burnt, 

Exp. 
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Ex  P.  IV.  But  if  it  burns  only  in  a  certain 
quantity  of  air,  the  combuftion  will  continue 
only  during  a  time ;  which  will  be  greater 
according  to  the  quantity  of  air.  If  this  air  be 
exchanged  for  frefh,  and  the  candle  again 
lighted,  it  will  burn  only  about  the  fame  time 
as  before.  By  changing  the  air  a  fufheient 
number  of  times,  the  whole  candle  m2y  be  burnt 
out  as  completely  as  if  it  had  not  been  confi- 
ned in  a  clofe  vefTel :  but  no  art  can  continue 
the  combultion  without  fuch  renewal  of  the 
air. 

Corol.  II.  The  fecond  experiment  mewed 
that  inflammable  vapours  are  decompofed  by 
combuftion,  and  reduced  to  the  ftate  of  unin- 
flammable bodies.  They  were,  therefore,  de- 
compofed by  having  their  phlagijlon  taken  from 
them.  In  this  experiment,  we  find  that  the  air 
takes  fomething  from  the  burning  vapour;  for 
after  a  vapour  has  burnt  in  a  given  quantity 
of  air  during  a  fufticient  time,  the  combuftion 
cannot  any  longer  be  continued  ;  though  if 
frefh  air  be  added,  it  may  ;  the  air  therefore 
was  faturated  with  fomething  which  it  had 
taken  from  the  inflamed  vapour  ;  but  what  the 

,  vapour 
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vapour  loft  was  the  principle  which  conftituted 
it  an  inflammable  fubftance.  It  was  the  phlo- 
gifton therefore  which  the  air  took  from  the 
vapour,  and  with  which,  in  the  end,  it  was  fa- 
turatcd.  Now,  as  the  flame  continued  only 
while  the  air  was  taking  the  phlogifton  from 
the  vapour,  and  went  out  when  the  air  was 
no  longer  able  to  do  this,  it  feems  "  that  the 
combuftion  depended  entirely  on  fuch  action 
of  the  air  on  the  phlogifton." 

Exp.  V.  If  a  bit  of  charcoal  be  inclofed  in 
a  large  veiTel,  and  made  fufiiciently  hot,  and 
then  the  whole  be  fuffered  to  cool,  the  air  in 
the  vcflel  will  be  found  fatured  with  phlogif- 
ton.   If  frefti  air  be  added  to  the  coal  (the  fiift 
being  withdrawn),  the  operation  repeated,  and 
fo  on  fucceflively  for  a  number  of  times,  the 
phlogifton  of  the  coal  will  be  very  fenfibly/li- 
minifned,  as  I  have  tried.    And,  therefore,  if 
the  operation  had  been  repeated  a  fnfhcient 
number  of  times,  the  whole  of  the  phlogifton 
might  have  been  extracted  as  completely  as  if 
it  had  been  burnt  in  the  open  air. 


Corol.  III.  A  coal  is  a  combination  of 
phlogifton  with  earth  ;  but  by  this  experiment 

it 
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it  appears  «  that  the  phlogifton  has  a  greater 
affinity  with  air  than  with  the  earth  of  the  coal ; 
and  therefore  when  the  proper  circumftances 
concur,  it  quits  the  latter  to  join  with  the  for- 
mer."   The  circumftances  which  attend  this 
are  fimilar  to  what  happens  in  other  chymical 
decompofitions.  If  I  put  a  quantity  of  fixed  alcali 
united  with  fome  other  fubftance,  fuppofe  ful- 
phur  into  a  glafs,  and  pour  oh  it  a  little  vine^ 
gar,  the  vinegar  will  extract  the  alcali  from 
the  fulphur  until  it  is  perfectly  faturated  there- 
with ;  but  even  if  heat  be  afterwards  applied, 
it  will  not  extract  any  more ;  neither  will  air, 
when  faturated  with  phlogifton,  extract  any 
more  of  that  principle  from  the  charcoal.  If 
now  the  faturated  acid  be  feparated,  and  frefh 
poured  on,  more  alcali  will  be  taken  from  the 
compound  ;  and  thus  we  may  proceed  till  the 
whole  is  drawn  out  j  the  fulphur  will  then  re- 
main behind,  deprived  of  its  alcali,  in  the  fame 
manner  as  the  earth  of  the  coal  remained  be- 
hind deprived  of  its  phlogifton.    The  ftrength 
of  the  analogy  will  ealily  be  perceived  by  the 
philofophical  reader. 

Th  e  air  faturated  as  above  is  called  phlogif- 
ticated  and  fixable  air, 

Exp. 
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Exp.  VI.  If  in  open  air  any  heat  be  applied 
to  fulphur  below  a  certain  degree,  it  will  not 
not  burn.  If  fulphur  be  inclofed  in  a  vefTel 
with  fixed  air,  and  a  greater  degree  than  that 
with  which  it  would  be  burnt  in  the  open  air 
be  applied,  it  (till  remains  uninflamed,  and  the 
fame  fulphur  ;  but  if  the  vefTel  with  the  ful- 
phur in  this  ftate  be  uncovered,  it  kindles  into 
a  flame  immediately  on  the  admiflien  of  air, 
without  the  application  of  a  body  already  burn- 
ing, and  is  entirely  decompofed; 

Corol.  IV.  The  fubftance  which  has  hi- 
therto been  confidered  as  having  one  of  the: 
greateft  degrees  of  affinity  with  phlogiflon  is 
the  vitriolic  acid ;  for  moft  other  fubftances 
"Which  contain  that  principle,  part  with  it  to 
this  acid,  when  the  circumftances  requifite  to 
their  union  concur ;  the  fubftance  formed  by 
their  union  is  fulphur,  the  lubjecl:  of  the  above 
experiment.  But  it  appears  that  phlogiflon  has 
a  greater  affinity  with  <?/>,  than  with  vitriolic 
acid:  for,  when  the  proper  circumftances  con- 
cur, it  quits  the  latter  to  join  with  the  former. 
The  affinities  of  phlogiflon  therefore,  with  re- 
fpeft  to  thefe fubftances,  mould  be  placed  thus; 

G  Phlogiflon. 
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Phlogifton, 


Air, 
Vitriolic  Acid, 
Sec. 

Now  that  the  phlogifton  is  really  united  with 
the  air,  by  means  of  a  fuperior  aifinity,  as  ex- 
plained above,  appears  not  only  from  what  has 
been  faid,  but  alfo  from  this  confkleration,  that 
the  air  thus  combined  is  altered  in  its  fpecific 
gravity,  is  lefs  elaftic,  and  in  other  refpects 
changed  in  its  properties.    The  properties  of 
the  vitriolic  acid  are  like  wife  altered  on  its 
combination  with- the  fame  principle,  with  an 
alcali,  or  any  other  fubftance.    The  faturation 
of  air  with  phlogifton,  is  as  analogous  to  the 
faturation  of  the  vitriolic  acid  with  the  fame 
principle  as  any  two  proceffes  of  the  kind  can 
be,  allowing  for  the  very  different  natures  of 
thefe  fubftances  ;  but  the  following  analogy 
will  fet  it  in  a  ftill  clearer  light.   Common  fait, 
and  cubic  nitre,  may,  in  this  view,  be  confider- 
ed  as  fimilar,  except  in  the  attraction  wh^di 
their  alcaline  bafes  have- with  their  refpecTive 
acids.    The  vitriolic  acid  decompofes  the  for- 
mer with  greater  eafe  than  the  latter,  becaufe 

its 
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its  principles  are  united  by  a  weaker  attraction. 
In  like  manner,  phofphorus  and  fulphur  may- 
be confidered  as  differing  from  each  other  only 
in  the  affinity  which  the  phlogifton  has  for  the 
refpeftive  acids.  But  the  air  decompofes  phof- 
phorus with  greater  eafe  than  fulphur:  and  for 
this  no  other  reafon  appears  but  that  the  phlo- 
gifton has  a  weaker  affinity  with  the  phofpho- 
ric  than  with  the  vitriolic  acid.  In  the  procefs 
of  combujlioti)  therefore,  me  mufi  reafon  in  the 
fame  manner  as  on  other  chymical  affinities  and  de- 
compo/itions. 


SECT, 
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SECTION  IV. 

Of  the  Phloz>iflon. 

HE  do&rinc  of  combuftion  which  at  pre- 


fent  prevails  is,  that  the  phlogifton  is  com- 
bined elementary  fire:  that  in  this  procefs  it  is 
fet  at  liberty,  and  refumes  its  elaftic  ftate  \  and 
that  the  heat  and  light  of  flame,  as  alfo  the 
property  which  it  has  of  fupporting  or  main- 
taining itfelf,  proceeds  from  the  avolation  of 
this  difengaged  principle. 

The  phenomena  of  fixed  air  are  made  ufe 
of  to  illuftrate  this  theory,  and  from  hence,  in- 
deed it  was,  by  analogy,  derived.  Fixable  air 
may  be  combined  with  various  fubftances,  and 
form  with  them  grofs  bodies  :  thus  it  may  be 
combined  with  the  cauftic  volatile  alcali ;  it 
may  be  transferred  from  thence  to  other  fub- 
ftances with  which  it  has  a  greater  affinity,  to 
the  cauftic  fixed  alcali  for  example  ;  and  from 
thence  again  to  quicklime.  But  if  a  fubftance 
be  applied  to  the  compound  with  which  the 
quicklime  or  alcali  has  a  greater  affinity  than 


with 
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with  the  air,  it  lets  go  the  air,  and  unites  with 
that  i'ubftance.  The  air  thus  difengaged,  and 
no  other  fubftance  at  hand  with  which  it  can 
unite,  refumes  its  elaflic  ftate,  and  becomes 
permanent  air;  as  it  flies  off  it  caufes  an  effervef- 
cence  in  the  liquid  in  which  it  was  contained. 

It  is  fuppofed  that  elementary  fire  may,  in 
like  manner,  be  combined  with  bodies,  and  that 
it  may  be  transferred  from  thefe  to  others  for 
which  it  has  a  ftronger  attraction :  thus,  it 
may  be  combined  with  the  earth  of  charcoal. 
From  thence  it  may  be  transferred  to  metallic  * 
calxes;  from  thefe  to  the  phofphoric  acid,  and 
from  thefe  again  to  the  vitriolic.  In  the  pro- 
cefs  of  combuftion,  it  is  confidered  as  "  let  go 
by  the  body  with  which  it  was  combined; 
that  it  refumes  its  elaftic  or  expanfive  ftate,  and, 
by  its  flight,  produces  the  phenomena  of  heat, 
Sec.  after  the  fame  manner  as  air  produces  ef- 
fervefcence."  This  theory  is  ingenious,  but  I 
think  not  true,  for  the  following  reafon  : 

It  is  known  to  chymifts,  that  pure  fulphur 
is  a  combination  of  the  vitriolic  acid  with  phlo- 
*  Zinc,  &c. 

G  3  gifton, 
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gifton,  and  that  thefe  are  the  only  ingredient:, 
which  enter  into  the  compofition  of  that  fub- 
ftance.  In  combuftion  the  fulphur  is  decompo- 
fed  by  means  of  a  third  body,  or  air  ;  which 
having  a  greater  attraction  for  one  of  the  in- 
gredients than  that  which  is  already  combined 
with  it,  that  attracted  ingredient  quits  the 
other,  and  unites  with  the  air.  Now  if  the 
analogy  held  good,  we  muft  fay  "  that  the  vi- 
triolic acid  had  a  greater  affinity  with  the  air 
than  with  the  phlogifcon,  and  therefore  let  go 
the  latter  to  join  with  the  former  ;  that  the 
phlogifton  thus  difengaged,  re'ftwned  its  elaftic 
ftate  as  elementary  fire,  and  caufed  by  its  flight 
the  phenomena  of  heat,  Sec.  juft  as  difengaged 
air  caufeth  effervefcence."  But  the  reverfe  of 
this  happens,  for  the  acid  is  left  behind ;  and 
of  courfe  "  it  was  the  other  ingredient,  or  phlo- 
gifton, which  combined  with  the  air." 

Strange  as  it  may  feem,  this  laft  fadt  if 
acknowledged  by  thofe  very  perfons  who  em- 
brace the  theory  of  combuftion  above  explained; 
fo  that  it  is  matter  of  furprife  that  they  have 
not  difcerned  the  perfect  analogy  of  this  pro- 
cefs  with  other  chymical  ones  of  the  like  kind. 

Perhaps 
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Perhaps  the  light  which  attends  combuflion  has 
dazzled  their  eye?,  and  proved  an  ignis  fatuns 
which  has  led  them  out  of  their  way.  Perhaps 
alio,  the  property  which  inflammable  bodies 
have  of  maintaining  the  combuflion  once  begun 
in  them,  has  proved  their  Mumbling  block.  For 
we  (hall  find  that  thefe  phenomena  admit  of 
an  eafy  folution  from  the  doctrine  above  laid 
down. 

The  deftrutfion  *  of  the  phlogiflon  in  this 
procefs  has  been  a  favourite  doctrine  fince 
Stahl  honoured  it  with  his  opinion.  But  when 
vinegar  extracts  the  alcali  from  liver  of  fulphur, 
as  in  an  experiment  before  related,  chymifls 
do  not  fay  that  the  alcali  is  deftroyed,  as  they 
fay  that  the  inflammable  principle  is  deftroyed 
by  combuflion  j  their  ideas  on  that  head  are 
clear  enough  :  they  rightly  conclude  that  the 
alcali  had  left  the  fulphur  to  unite  with  the  vi- 
negar. They  argue  in  the  fame  manner  on 
the  decompofition  of  charcoal  by  the  vitriolic 
acid  !  why  this  reafoning  fhould  have  been  de- 
parted from  in  the  inflance  before  us,  is  not 
eafy  to  imagine. 

*  Vide  Macquer's  Chymical  Dictionary, 

G  4  It 
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Ir  would  be  eafy  to  bring  other  objections 
to  the  prevailing  theory  of  combuftion  ;  but  as 
I  imagine  that  firft  Hated  to  be  an  argumcntum 
crucis  (if  the  expreflion  may  be  allowed),  it 
will  be  needlefs  to  trouble  the  reader  with 
mere. 

Part  of  this  theory  however  is  true,  as 
will  hereafter  appear.  The  light  of  flame  pro- 
ceeds from  the  difengaged  phlogifton,  though 
the  heat  does  not.  Alio  the  heat  really  proceeds 
from  difengaged  fire,  as  chymifts  at  prefent 
imagine  ;  they  are  only  miftaken  as  to  the  ori- 
gin of  that  fire. 


SECT. 


OBSERVATIONS.  105 


SECTION  V. 

Of  the  Heat  and  Light  attending  Combujlion. 

T  T  is  well  known  to  chymifts  that  when  cer- 
tain bodies  unite,  their  combination  is  fol- 
lowed by  a  greater  heat  than  what  thofe  bodies 
pofleffed  before.  Thus  heat  is  generated  when 
an  acid  is  faturating  an  alcali.  The  like  hap- 
pens when  water  is  mixed  with  fpirit  of  wine; 
and  a  ftill  greater  heat  follows  on  mixing  water 
with  the  mineral  acids.  In  fome  cafes  there- 
fore the  heat  may  perhaps  be  fo  great  that  the 
new  compound  fhall  be  luminous.  When  water 
is  mixed  with  quicklime,  the  heat  is  fometimes 
fo  great  as  to  kindle  combuftible  bodies  with 
which  it  happens  to  be  in  contact.  In  the  pyro- 
phyrus  of  Hcmberg,  the  union  of  water  with 
the  vitriolic  acid  is  attended  by  fb  great  an 
heat,  that  the  inflammable  fubftances  in  the 
compound  are  fet  on  fire  by  it ;  and  the  nitrous 
acid  and  oils  a&ually  inflame. 

The 
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The  caufe  of  this  heat  I  defer  the  confide- 
ration  of  to  a  future  fedtion  :  the  fad  alone 
is  fufficient  for  our  prefent  purpofe.  The  heat 
generated  by  the  combination  of  pUogifton 
and  air  may,  for  the  prefent,  be  reckoned  ana- 
logous to  thefe  ;  and,  in  ordinary  combuftion, 
is  io  great  as  to  be  luminous,  as  may  be  ga- 
thered from  the  fecond  Corollary  in  the  third 
feclion  hereof. 

It  may  farther  be  obferved  that  combuftible 
bodies  are  heated  to  a  degree  before  they  begin 
to  flame  :  and  it  may  be  prefunied  that  the  fame 
quantity  of  heat  is  generated  by  the  combina- 
tion whether  the  particles  before  their  union 
were  hotter  or  colder.  When,  therefore,  the 
ingredients  are  previoufly  heated,  or  their  tem- 
perature is  higher  ;  the  heat  after  their  combi- 
nation will  be  greater  than  if  they  had  united 
in  a  colder  ftate,  becaufc  the  heat  generated  by 
their  union,  is  added  to  that  which  they  had 
before  acquired.  '  If  this  be  joined  with  the 
confiderations  in  the  preceding  paragraphs,  it 
will  ceafe  to  be  a  wonder  that  this  procefs  is 
attended  with  a  fhining  heat. 


Now 
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N]o\v,  in  cafes  where  the  heat  is  not  intenfe, 
as  in  the  combuftion  of  fulphur,  I  apprehend 
that  the  combined  phlogifton  and  air  only  are 
luminous  :  but  if  it  be  fufficient,  a  mining  heat 
will  be  generated  in  the  extraneous  particles 
of  the  vapour.  I  defer  a  particular  confide- 
ration  of  the  light  of  flame  to  a  future  feclion, 
and  {hall  here  only  obferve  that  a  vapour  whofd 
particles  are  rendered  luminous,  muft  appear  to 
us  under  the  form  of  flame. 


SECT. 
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SECTION  VI. 

Of  the  Continuance  of  Combujlion. 

JN  the  foregoing  pages  we  have  endeavoured 
to  explain  the  principle  on  which  combuf- 
tion  depends,  and  the  phenomena  of  heat  and 
light  which  attend  the  combuftion  of  inflam- 
mable bodies.  The  property  which  thefe  bodies 
have  of  maintaining  the  combuftion  after  it  is 
begun,  mail  be  the  fubjedt.  of  this  fedtion.  I 
fliall  treat  this  fubjedt  in  as  concife  a  manner  as 
I  did  the  others  j  and  an  attention  to  the  fol- 
lowing circumftances  will  fufficiently  explain 
my  ideas  on  that  head. 

Let  a  vapour  be  raifed  from  a  perfectly  in- 
flammable fubftance  in  open  air,  let  that  vapour 
be  properly  compreffed  by  the  atmofphere,  and 
a  fufficient  heat  applied,  the  particles  of  air 
will  attract,  the  phlogifton  from  the  particles 
with  which  it  was  before  united,  and  a  mining 
heat  will  follow.  The  vapour  therefore  will 
appear  under  the  form  of  flame.  The  par- 
ticles 
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tides  thus  ignited  will  be  enabled  to  commu- 
cate  heat  to  thofe  on  the  furface  fufficient  to 
raife  them  into  a  vapour  proper  to  be  a&ed  on 
by  the  air.  This  vapour  being  in  like  manner 
decompofed,  thefe  frefh  ignited  particles  of  phlo- 
gifton and  air  will  communicate  heat  to  thofe 
next  on  the  furface,  which  therefore  will  like- 
wife  be  elevated  and  decompofed ;  and  fo  on 
in  a  continual  fucceffion,  as  long  as  any  of  the 
fubftance  remains :  for,  as  by  the  combination 
of  each  particle  of  air  with  phlogifton,  heat 
is  generated,  and  that  in  the  great  degree  men- 
tioned above,  fo  manyparticles  as  thus  combine, 
fo  many  new  fources  or  fprings  of  heat  will 
there  be;  which,  with  what  follows,  will  be 
amply  fufficient  to  account  for  the  phenomenon 
in  queftion. 

For  this  procefs  is  affifted  or  facilitated  by 
the  action  of  the  atmofphere,  by  which  the  va- 
pour is  comprefied,  and  the  particles  of  air  and 
phlogifton  forced  into  conta  ft :  hence  the  combus- 
tion goes  on  in  an  heavy  atmofphere  better  than 
in  a  light  one  :  Hence  alfo,  when  bodies  burn 
in  clofe  veft'cls,  the  flame  ceafes  before  the  air 
is  all  faturated  with  phlogifton,  becaufe  its  elaf- 

ticity 
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ticity  being  weakened,  the  vapour  is  not  fuffi- 
ciently  comprefTed.  Bellows,  and  currents  of 
air,  befides  that  they  drive  away  the  faturatcd 
air,  and  apply  frefh  particles  to  the  vapour,  af- 
"iift  combuftion  on  this  principle. 

It  appears,  from  what  has  been  already  faid, 
that  different  combuftible  bodies  require  diffe- 
rent degrees  of  heat  to  make  them  flame.  The 
degree  of  heat  therefore  which  is  neceffary  to 
begin  the  combuftion  will,  for  the  fame  reafon, 
be  required  for  its  continuance  ;  now,  *  what- 
ever this  requifite  degree  of  heat  be,  yet  if  the 
body  be  perfectly  and  uniformly  inflammable^ 
or  burns  wholly  away  when  once  kindled,  it 
will  be  found  that  more  phlogifton  and  air  are 
combined  in  a  given  time ;  and  therefore  a 
greater  quantity  of  heat  continually  generated, 
fufficient  to  equal  that  firft  degree  of  heat,  and 
of  courfe  to  maintain  the  combuftion.  We 
have,  therefore,  from  the  aboVe  principles,  a 
very  eafy  folution  of  the  phenomena  of  com- 
buftion, and  the  theory  will  perhaps  be  the 
more  readily  embraced,  as  its  principles  are 
within  the  bounds  of  common  obfervation. 


The 
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*  The  reader  will  eafily  apply  the  docTrine 
delivered  to  the  particular  phenomena  of  com- 
buftion; with  an  inftance  of  which  I  mail  con- 
clude this  fettion. 

Experiment.  If,  inftead  of  air,  nitre  be 
mixed  with  a  combuftible  body,  and  put  into 
a  clofe  velTel  in  vacuo,  or  otherwife,  and  then 
made  fufficiently  hot,  the  combuftion  of  that 
body  will  be  as  complete,  as  if  it  had  been 
burnt  by  means  of  air. 

The  nitrous  acid, therefore, contains  a  quan- 
tity of  air  of  the  fame  nature  with  that  of  the 
atmofphere,  but  in  a  combined  ftate  :  as  foon 
as  the  proper  circumftances  concur,  the  phlo- 
gifton  in  the  inflammable  body,  and  the  air  in 
the  nitrous  acid,  by  a  mutual  attraction  are 
withdrawn  from  the  fubftances  with  which 
they  were  before  combined,  and  unite  with  a 
mining  heat,  in  the  fame  manner  as  atmofphe- 
rical  air  and  phlogifton  in  the  inftances  defcri- 
bed.  The  air  thus  at  liberty,  refumes  its  eiaf- 
tic  ftate,  and  becomes  the  fame  fixed  air  as 
that  generated  by  common  combuftion.  The 
phenomena  of  gun-powder  and  other  nitrous 

comb  ui  Lions 
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combuftions  may  be  underftood  by  means  of* 
this  theory. 

Ch  ymist  s  have  obferved,  that  if  phlogifton 
be  combined  with  the  phofphoric  or  vitriolic 
acids,  fulphurs  are  formed  :  as  nitrous  acid  has 
a  greater  affinity  with  phlogifton  than  either  of 
thefe,  they  conclude  that  a  fulphur  is  like  wife 
formed  by  their  combination.  "  But  (fay  they) 
the  nitrous  acid  and  phlogifton  unite  with  fuch 
violence,  that  the  fulphur  is  deflroyed  the  very 
inftant  that  it  is  formed  *."  Is  not  the  fixablc 
air  produced  in  this  procefs  the  nitrous  ful- 
phur \  and  would  it  not  be  confident  with 
chymical  analogy,  and  therefore  more  proper, 
to  call  fixable  air  in  general  Aerial  Sulphur  ? 
but  this  is  fpoken  with  fubmiffion  to  better 
judges. 

It  has  generally  been  fappofed  that  the  great 
attraction  which  the  nitrous  acid  has  for  phlo- 
gifton, is  owing  to  its  containing  that  principle 
as  a  conftituent  part  f.  But  the  reafon  now  ap- 
pears to  be  that  it  contains  common  atmofphe- 

*  Maequer's  Chymical  Dictionary.        f  lb. 
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thai  air;  I  take  it  that  it  contains  phlogifton 
in  no  other  manner  than  as  the  volatile  vitriolic 
acid  docs;  and  that  by  cxpoling  to  the  air  the 
phlogifton  is  dhfipated  ;  for  it  ceafes  to  fumCj 
and  becomes  fixed  like  the  oil  of  vitriol.  Per- 
haps air  conftitutes  the  cfrential  part  of  the 
nitrons  acid,  on  which  its  tafte,  corrolivencfs, 
and  oilier  general  properties  depend ;  and  it 
fcems  to  me  that  it  is  combined  with  nothing 
but  water  by  means  of  an  earth  :  for  water 
only  is  to  be  fonnd  in  the  nitrous  clyffus,  and 
and  the  earth  may  be  left  behind  with  the  al- 
.cali.  I  ufed  to  think  that  it  was  combined  with 
water  alone :  but  if  the  reafoning  in  a  follow- 
ing fedlion  on  air  be  admitted,  that  cannot  be 
the  cafe  ;  for  water  parts  with  air  with  a  lefs 
degree  of  heat  than  nitre  does^  and  therefore 
there  muft  be  fome  other  fubftance  of  a  more 
fixed  nature  with  which  it  is  combined,  and 
only  mediately  with  the  water  by  means,  of 
that  fubftance.  Is  the  effential  part  of  the  t//- 
triolic  acid  alfo  atmofpherical  air  in  a  ftate  of 
combination  *,  but  combined  with  fuch  fub- 

*  Do  not  the  cxplofions  which  have  been  obferved  of  bal- 
fam  of  fulphur  favour  this  opinion  ?  did  the  air  and  phlogif- 
ton mutually  difengage  each  other,  and  form  fixed  air? 

H  ftanccs 
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fiances,  or  in  fuch  a  manner,  that  it  is  not  fe- 
parable  by  the  phlogifton,  as  in  the  nitrous  : 
and  is  this  the  reafon  of  its  great  affinity  with 
phlogifton  ?  and  may  the"  like  query  be  put 
concerning  the  other  acids  ?  but  this  by  way 
of  digreffion. 

From  what  has  been  faid,  it  appears  that  the 
phenomena  of  combuftion  depends  on  this  prin- 
ciple ;  that  air  has  a  greater  affinity  with  phlo- 
gifton than  the  fubftances  have  with  which  it 
is  combined  in  inflammable  bodies,  and  there- 
fore when  all  circumftances  properly  concur, 
it  attracts  that  principle  from  thofe  bodies ; 
that  a  Ihining  heat  is  generated  by  their  com- 
bination ;  and  that  this  decompofition  when 
once  fufficiently  begun  in  a  perfectly  inflam- 
mable body,  together  with  the  mining  heat 
which  is  a  confequence  thereof,  will  be  conti- 
nued on  the  principles  above  laid  down,  with- 
out any  farther  affiftance  from  extraneous  heat, 
as  long  as  any  of  the  fubftance  remains. 

Wh  en  phlogifton  is  combined  with  the  earth 
of  charcoal,  with  the  vitriolic  acid,  or  certain 
other  fubftances,  a  combuftion  may  happen  by 

re  alb  n 
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reaion  that  the  air  can  attract  it  from  thcfe 
fubftances;  but  when  it  is  combined  with  air 
no  combuftion  can  happen,  becaufe  air  cannot 
attract  phlogifton  from  Other  air5  any  more 
than  the  vitriolic  acid  can  attract:  it  from  ful- 
phur  ;  for  the  affinities  are  equal,  and  one  fub- 
ftance  cannot  attract  another  from  a  third,  with 
which  it  is  combined,  but  by  means  of  a  fupe- 
rior  affinity.  This  may  alfo  be  applied  to  the 
nitrous  fulphur  above  fpoken  of. 

There  are  however,  certainly,  fubftances 
capable  of  attracting  the  phlogifton  from  air, 
otherwife  the  whole  atmofphere  would  in  time 
be  converted  into  fixable  air.  The  ingenious 
Dr.  Prieftley,  to  whofe  labours  the  learned 
world  is  fo  greatly  indebted,  has  already  dis- 
covered two  of  thefe  means  :  he  fhews  that 
fixed  air  may  be  rendered  pure  by  vegetables 
growing  in  it,  and  by  water.  It  may  perhaps  be 
added,  that  as  fixable  air  has  a  greater  Ipecific 
gravity  than  common  air,  and  therefore  naturally 
tends  downwards,  it  enters  into  the  earth,  and 
combines  with  fuch  bodies  as  may  be  difpofed 
to  receive  it.  That  fome  fubftances  may  have 
the  property  of  depriving  it  of  its  phlogifton, 

H  2  which 
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which  then  enters  into  their  compofition  ;  and 
perhaps,  in  fome  cafes,  there  may  be  no  other 
method  of  combining  that  principle  with  bo- 
dies, at  lcalt  in  certain  manners.  The  phlogif- 
ton,  therefore,  when  combined  with  air,  feems 
to  be  in  the  moft  proper  ftate  for  certain  inti- 
mate combinations  of  it  with  vegetable  and 
other  fubftariccs;  as  it  is  probably  reduced  to 
its  integral  parts.  Hence  we  have  fome  idea 
not  only  of  the  manner  in  which  fixable  air 
is  deprived  of  its  phlogiflon,  but  alfo  of  the  cir- 
culation of  the  lafl  mentioned  principle,  from 
bodies  to  air,  and  from  air  again  into  bodies. 
Perhaps  alfo  the  fixed  air,  when  deprived  of  its 
phlogiflon,  may,  in  fome  cafes,  be  converted  in-) 
to  acids,  if  the  above  queries  concerning  acids 
be  true  ;  but  thefe  things  remain  to  be  inquired 
into. 
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SECTION  VII. 

A  Speculation*. 

AIR  has  ufually  been  reckoned  a  fluid  fai 
generis^  and  called,  in  contradiftinclion  to 
others  which  are  coherent,  an  elaftic  fluid. 

I  h  a  v  e  long  been  of  opinion  that  the  elafti- 
city  of  air  depends  on  heat ;  for  if  the  heat  be 
increafed,  the  elafticity  is  increafed ;  if  it  be 

*  In  the  Eflay  on  the  fenfes  I  allotted  a  fection  for  fuch 
hints  and  conjectures  as  had  occurred  to  me  on  thofe  fubjedts, 
in  order  to  their  being  further  inquired  into  by  others :  I  fhall 
devote  this  fection  to  a  like  purpofe.  As  I  do  not  pretend  to 
offer  thefe  conjectures  as  demonftrated  truths,  any  errors  will 
be  pardoned  by  the  candid,  as  the  detection  of  them  by  expe- 
riments may  lead  to  real  difcoveries ;  I  have,  for  my  amufe- 
ment,  carried  the  ideas  contained  in  this  fection,  as  well  as 
others  which  arc  not  mentioned,  to  greater  lengths.  If  this 
fhort  extract  be  approved,  I  may  in  a  future  edition  render  it 

more  copious.  Thofe,  however,  who  do  not  relilh  fpeculative 

reafoning  may  pafs  over  this  fection. 
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diminiflied,  the  elafticity  is  alfo  diminiflied  in  a 
certain  regular  proportion  :  it  fhould  feem, 
therefore,  that  if  air  was  entirely  deprived  of 
heat,  its  particles  would  become  coherent* 

When  water  is  raifed  into  vapour  it  is  alfo 
elaftic,  and  its  elafticity  is  greater  as  more  heat 
is  afterwards  applied.  The  vapour  of  water, 
therefore,  is  of  a  fimilar  nature  to  air  :  the  only 
difference,  in  this  refpecl,  between  them  is, 
that  water  requires  a  vaft  deal  more  heat  to 
render  it  elaftic.  The  like  may  be  obferved  of 
other  bodies  *.  • 

If  we  imagine  two  particles  in  contact,  and 
that  heat  be  applied,  the  heat  will  force  them 
to  quit  each  other.  The  particles,  while  within 
the  fpheres  of  their  cohering  forces,  will  refill 
the  action  of  heat  more,  as  their  cohering  forces 
areftronger.  But  when  the  heat  becomes  fo  great 
as  to  force  them  beyond  thofe  fpheres,  they  will 
be  elaftic,  like  air ;  their  elafticity  will  be 
greater  as  the  heat  is  increafed,  and  that  in  a 
certain  regular  proportion ;  as  mentioned  above. 

*  It  feems  to  me  that  this  propofition  may  be  made  as  ge- 
neral as  Mr.  Braun's  concerning  the  fluidity  of  bodies. 

Case 
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Case  I.  Heat,  therefore,  is  the  caufe  of  the 
repulfive  affection  among  particles  of  air  ;  and 
if  this  caufe  be  removed,  the  particles  have  no 
inch  tendency. 

Cas  e  II.  Fire  furrounds  a  particle  of  air  in 
the  manner  of  an  atmofphere  ;  it  is  denfer  near 
the  particle,  and  rarer  at  a  diftance  from  it ; 
and  hence  the  repulfive  power  of  particles  of 
air.  Fire  therefore  is  attracted  by  the  particles 
of  air. 

Case  III.  When  air  is  hotter  it  is  more 
elaftic  ;  that  is,  its  particles  are  furrounded 
with  greater  and  denfer  atmofpheres  of  fire,  and 
therefore  their  repulfive  powers  are  ftronger. 

Case  IV.  As  our  atmofphere,  by  its  gravity, 
is  denfer,  or  more  compreffed  near  the  earth, 
than  at  a  diftance  from  it,  and  that  in  a  direct 
proportion  ;  fo  by  the  gravity  of  fire  towards  a 
particle  of  air,  the  fire  is  in  like  manner  com- 
preffed. The  denfity  diminilhes  according  to  the 
diftance  from  the  particle ;  and  hence  the  re- 
pulfive force  of  particles  of  air  is  directly  as  the 
diftance  of  thefe  particles  from  each  other. 

H  4  Case 
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Case  V.  When  the  quantity  of  fire  com-, 
pofing  the  atmofphere  of  a  particle  is  greater, 
the  compreffion  or  denfity  of  the  lire  near  the 
particle  will  be  greater,  j uft  as  happens  with 
our  air  :  and  therefore  the  repulfive  force  of 
the  particle  will  be  increafcd  with  the  hear, 
and  will  alfo  reach  to  a  greater  diftance  *. 

Cas  e  VI.  If  two  fimilar  particles  of  air,  but 
with  unequal  atmofphcres,  be  brought  fuffi- 
ciently  near  to  each  other,  the  particle  which 
has  the  greatefr.  atmofphere  will  part  with  fire 
to  that  wThich  has  leaft,  till  their  quantities  arc 
equal.  The  like  may  be  obferved  of  other  ho- 
mogeneous particles. 

The  reafon  of  this  is  obvious;  the  attrac- 
tion for  fire,  or  the  gravitation  of  fire  towards 
them,  being  equal  in  both  or  all  the  particles. 

Case  VII.  If  by  any  means  the  gravity  of 
fire  towards  a  particle,  or,  if  you  will,  the  at- 

*  It  is  obvious  from  hence,  that  the  repulfion  at  the  fame 
diftance  from  the  particle  does  not  increafe  in  a  direct  propor- 
tion with  the  heat,  but  in  a  ratio  which  will  cafily  occur  to 
the  mathematician. 

tra&ion 


OBSERVATIONS.  121 

t'raclion  of  a  particle  for  fire  be  weakened,  the 
atmofphere  which  that  particle  retains  at  the 
fame  common  temperature  will  be  lefs  in  pro- 
portion thereto,  and  it  will  alfo  be  lefs  d'enfe  ; 
fo  that  its  repuifivc  power  will  likewife  be  di- 
mini  flied. 

The  idea  on  which  this  cafe  is  founded  was 
fuggefted  to  me  by  the  following  confideration. 

It  has  long  been  known  that  lead  by  calci- 
nation acquires  confiderable  weight  ;  M.  Mar- 
graaf  has  difcovered  that  the  acid  left  behind 
after  the  combuftion  of  phofphorus  is  almofb 
half  as  heavy  again  as  the  phofphorus  employ- 
ed :  and  yet  in  both  thefe  cafes,  many  particles 
muft  have  efcaped  befides  the  phlogifton.  I  am 
told  that  Dr.  Black  has  made  experiments  on 
metals  with  acids  which  agree  fb  well  with 
thefe  that  he  is  convinced  of  the  truth  of  the 
inference  which  has  been  drawn  from  them, 
viz.  "  That  the  gravity  of  bodies  is  diminifhed 
by  their  combination  with  phlogifton." 

The  caufe  of  gravity,  as  conjectured  by  Sir 
Ifaac  Newton,  and  now  generally  fuppofed  by 

philofophers, 
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philofophers,  is  a  very  fubtile  elaflic  medium, 
which  is  rarer  near  a  particle  of  matter,  and 
denfer  at  a  difrance  from  it.  That  therefore 
two  fuch  particles  wiJl  be  mutually  impelled  by 
the  denfer,  towards  the  rarer  parts  of  this  me- 
dium,  and  in  courfe  towards  each  other. 

As  the  aether  is  rarer  near,  and  denfer  at  a 
dijlance  from,  a  particle,  it  {hews  that  there  is  a 
mutual  rcpulfion  between  the  particles  of  bodies 
and  this  fluid. 

That,  therefore,  according  as  this  mutual 
repulfion  is  greater,  the  rarity  of  the  medium 
near  the  particles,  and  the  force  of  the  par- 
ticles' gravity,  will  be  greater;  and  as  the  mu- 
tual repulfion  is  lefs,  the  aether  near  the  particles 
will  be  lefs  rare,  and  their  gravity  diminifhed. 

It  therefore  appeared  to  me,  that  as  phlo- 
giilon  wheir  combined  with  the  particles  of  bo- 
dies diminifhes  their  gravity,  it  does  itbyiueaken- 
ingthe  repulfion  between  thefe  particles  and  at  her. 

Till  now,  I  had  imagined,  with  Dr.  Black  *, 

*  To  fome  notes  which  a  friend  had  taken  while  attending 
the  leftures  of  that  great  phyfician  and  philofopher  (I  wifh 

they 
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.nid  others,  that  fire,  asther,  and  phlogifton 
were  one  and  the  fame  fluid  :  but  on  applying 
this  reafoning  to  my  notion  concerning  the  re- 
pulfive  force  of  the  particles  of  air,  I  found  that 
it  entirely  clafhed  with  it  ;  for  phlogifton 
■  weakens  the  elafticity  of  air.  And  now,  for 
the  find  time,  it  occurred  to  me  that  the  dif- 
pofition  of  particles  of  bodies  towards  asther 
and  fire  are  quite  oppofite.  For  whereas  fire 
gravitates  towards,  or  is  attracted  by  thofe  par- 
ticles, asther  on  the  contrary  is  repelled  ;  and 
this  alfo  led  me  to  confider  that  asther  caufes 
the  gravity  or  attraction  of  particles  towards 
each  other ;  fire,  on  the  contrary,  their  repul- 
fion.  It  followed,  therefore,  that  if  phlogifton 
diminifhed  the  repulfion  between  the  particles 
of  bodies  and  asther,  and  thereby  leffened  the 
mutual  gravity  of  thefe  particles;  it  muft  on  the 
contrary  diminifh  the  attraction  between  thefe 
particles  and  fire,  and  of  courfe  weaken  their  mu^ 
tual  repulfion. 

they  had  been  moreperfeft),  and  to  extracts  from  Dr.  Prieft- 
ley's  difcovcries  concerning  air,  I  owe  my  having  been  en- 
abled to  work  this  latter  part  of  my  Eflay  into  its  prefent 
form. 


This 
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This  fuggefted  to  me  another  idea.  If  par- 
ticles, when  combined  with  phlogifton,  have 
their  attraction  for  fire  diminifhed,  it  fiiould  fol- 
low, that  the  fame  quantity  of  fire  sdded  to  a 
phlogifticated,  and  an  unphlogifticated  particle, 
would  heat  the  former  moft;  becaufe  it  would 
be  lefs  forcibly  retained  by  that  particle  than 
by  the  other,  and  therefore  a  greater  quantity 
would  be  communicated  to  a  third  and  col- 
der particle  applied.  To  fatisfy  myfelf  with 
regard  to  the  juftnefs  of  this  idea,  I  made  the 
following  experiments. 

Experiment  I.  In  an  iron  pot  filled  with 
fand,  heated  over  the  fire,  I  placed,  at -a  fmall 
diftance  from  each  other,  two  gallipots,  one 
of  which  contained  water,  the  other  lamp-oil,  fo 
that  they  were  in  equal  degrees  of  heat  j  after 
they  had  remained  fome  time,  I  found  that  the 
oil  had  acquired  a  greater  heat  than  the  water* 

Ex  p.  It.  I  made  the  fame  experiment  with 
minium  and  lead,  and  found  that  the  metal  ac- 
quired a  greater  heat  than  the  calx. 


Exp. 
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Ex  p.  III.  I  tried  the  fame  with  feveral  other 
fubftances,  whole  fpecifie  gravities  would  admit 
of  the  experiment,  with  the  like  refult. 

I  endeavoured  to  make  the  experiment 
with  common  and  fixable  air ;  but  the  fluids 
being  lb  rare,  and  not  properly  confined,  and 
the  heat  of  the  containing  velfels  fo  much  in- 
terfering, I  could  do  nothing  to  my  fatisfattion; 
and  therefore  could  only  infer  from  analogy ; 
for  the  only  thermometers  that  I  ufed  were 
conic  fcurvy-grafs  phials,  and  Daffy's  elixir 
bottles,  with  fpirit  of  wine  in  them,  the  fur- 
faces  of  which  I  marked  on  the  outfide  with 
ink.  The  three  firft  experiments  however,  and 
the  consideration  that  fixed  air  is  lefs  elaftic 
than  common  air,  feemed  fufficiently  to  efta- 
blifh  the  truth  of  the  proportion  which  they 
were  intended  to  determine. 

So  then  inftead  of  aether,  fire,  and  phlogifton 
being  the  fame,  as  is  at  prefent  fuppofed,  they 
appear  to  be  three  diftinft  and  very  different 
fluids;  and  their  relations  or  affections  towards 
the  particles  of  bodies  and  each  other,  feem  to 
be  as  follows. 

I.  Since 
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I.  Since  when  the  particles  of  bodies  con- 
tain leaft  phlogifton,  lire  gravitates  towards 
them  moft,  there  is  a  mutual  attraction  be- 
tween the  particles  of  bodies  and  fire. 

II.  And  fmce  when  the  particles  of  bodies 
are  moft  free  from  phlogifton,  aether  avoids 
them  moft,  there  is  a  mutual  repulfion  between 
thofe  particles  and  aether. 

III.  Phlogiston  and  aether  therefore  mu- 
tually attract,  each  other  ;  and  on  the  contrary. 

IV.  There  is  a  mutual  repulfion  between 
phlogifton  and  fire. 

Ph  logiston  therefore  is  to  aether,  what  the 
particles  of  bodies  are  to  fire  :  for  as  fire  pro- 
ceeds from  denfe  to  rare  in  its  progrefs  from 
the  latter,  fo  aether  proceeds  from  denfe  to  rare 
in  its  progrefs  from  the  particles  of  the  former. 
It  feems  then  that  there  are  two  different,  and 
as  it  were  oppofite  kinds  of  fubftance  of  which 
bodies  are  compofed,  and  two  elaftic  fluids  an- 
fwerable  to  them.  And  if  this  be  true,  we 
muft  reckon  four  general  principles,  viz.  tftker, 
fire,  phlogifton,  and  the  particles  of  bodies;  but 

as 
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as  this  lift  name  is  too  general,  fuppofe  we  call 
what  is  meant  by  them  earth.  Perhaps,  however, 
aether  and  phlogifton  may  be  compofed  of  the 
fame  matter,  and  fo  may  fire,  and  earth :  per- 
haps all  four  may  be  only  different  modifica- 
tions of  the  fame  fubftance  ;  for  we  muft  go 
beyond  fire  and  aether  before  we  arrive  at  the 
ultimate  principles  of  nature.  There  may  be 
ftill  fubtiler  principles  on  which  the  elafticities, 
and  other  properties  of  thefe  depend. 

These  four  fubftances  may  perhaps  be 
confidered  as  the  four  elements  with  more  pro- 
priety than  thofe  of  Ariftotle  which  fo  long 
prevailed,  and  perhaps  the  phenomena  of  na- 
ture may  be  better  underftood  by  means  of 
them  than  they  are  at  prefent. 

The  proportion  of  earth  in  nature  feems  to 
be  much  greater  than  that  of  phlogifton,  and 
the  proportion  of  aether  much  greater  than  that 
of  fire  :  the  gravity  of  bodies  towards  the  earth, 
I  think,  proves  this. 

Also  phlogifton  appears  to  be  much  more 
fubtile  than  earth,  and  aether  than  fire  j  for  the 

elaftic 
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elaflic  fluid  formed  by  particles  of  earth  with 
atmofpheres  of  lire,  is  much  groffer  than  that 
formed  by  particles  of  phlogiflon  with  atmo- 
fpheres of  aether.  Thus,  light  is  more  fubtile 
than  air,  and  electricity  than  fixable  air  ;  the 
analogy  between  thefe  may  hereafter  be  fne wn. 

Particles  of  phlogifion  freed  from  earth 
attract  and  retain  the  greateft  atmofpheres  of 
aether ;  and  particles  of  earth  freefl  from  phlo- 
giflon attract;  and  retain  the  greatefl  atmo- 
fpheres of  fire.  Kence  particles  of  earth,  when 
moll  free  from  phlogiflon,  are  mofl  elaflic  or 
repulfive  ;  and  fo  are  particles  of  phlogiflon 
when  freefl  from  earth. 

Though  earth  attracts  fire,  which  is  re- 
pelled by  phlogiflon,  yet  there  is  a  flronger  at- 
traction between  phlogiflon  and  earth,  than 
between  any  other  two  of  the  principles. 

One  particle  of  earth  cannot  cohere  with 
another,  unlefs  one  or  both  be  previoufly  com- 
bined with  a  fufficient  quantity  of  phlogiflon. 
The  phlogiflon  both  attracts  the  particles  of 
earth,  and  difperfes  their  atmofpheres  of  fire, 

which 
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which  kept  them  afunder  *.   Earth,  for  a  like 
:  reafon,  is  the  principle  of  cohefion  between  the 
particles  of  phlogifton. 

Suppose  a  particle  of  earth,  and  another  of 
phlogifton,  with  each  its  proper  atmofphere  of 
fire  and  asther,  if  they  could  be  forced  into 
combination,  they  would  quit  their  attractions 
for  Ether  and  fire,  and  exert  their  forces  on 
each  other  ;  or  they  would  lofe  fo  much  of 
their  attractions  for  thofe  mediums  (and  there- 
fore of  the  atmofpheres)  as  they  exerted  on 
each. 

*  If  phlogifton  be  fuppofed  to  compofe  the  cohering  forces 
of  the  particles  of  earth,  the  astherial  atmofpheres  of  the  par- 
It  tides  of  this  phlogifton,  though  greatly  decreafed  by  being 
11  combined  with  earth,  will  yet  extend  to  a  little  diftahce  be- 
l  yond  the  cohering  atmofphere  fufficiently  ftrong  for  producing 
I  afenfible  effect,  and  will  furnifh  us  perhaps  with  the  caufe  of 
I  the  repulfive  force  obferved  by  Sir  Ifaac  Newton,  viz.  that 
r  two  object  glafles  will  lie  on  one  another  without  touching ; 
I  that  two  polifhed  marbles  are  with  difficulty  made  to  cohere  ; 
I  that  beyond  the  cohering  forces  of  bodies  there  is  a  repulfion  ; 
I  that  the  rays  of  light  are  inflected,  reflected,  and  refrafted  by 
I  bodies,  and  the  like.  The  lefs  forcibly  the  phlogifton  is  com- 
I  bincd,  the  greater  muft  thefe  effects  be. 

I  But 
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But  pure  earth  and  phlogifton  cannot  di- 
rectly combine,  byreafon  that  their  atmofpheres 
hinder  their  union.  Thus  light  cannot  be 
combined  directly  with  air;  but  if  the  light  be 
prefented  to  a  particle  of  earth  already  combi- 
ned with  a  proper  quantity  of  phlogifton,  where- 
by its  atmofphcre  of  fire  may  be  fufficiently 
diminilhed,  the  light  can  enter  into  combination 
with  it,  and  then  air,  by  rcafon  of  a  fuperior 
attraction,  can  take  it  from  that  particle.  The 
like  may  be  obferved  of  phlogifton  previoufly 
combined  with  earth  :  The  folution  of  fome 
curious  phenomena  feem  to  depend  on  this 
principle,  as  may  hereafter  be  fliewn,  if  this 
fpecimen  be  approved. 

It  may  be  proper  to  obferve  that  there  is 
not  a  perfect  analogy  between  earth  and  aether, 
and  phlogifton  and  fire,  as  may  at  firft  view  be 
imagined.  The  quantity  of  fire  in  the  univerfe 
feems  to  be  Very  fmall,  and  to  be  only  confined 
to  the  planets  and  other  heavenly  bodies  j  round 
the  earthy  particles  cf  which  it  forms  atmo- 
fpheres, as  hath  been  defcribed,  and  perhaps  of 
no  very  great  extent  even  in  particles  of  air. 
But  aether  is  in  quantity  vaftly  fuperior  j  and 

as  < 
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as  its  great  fuppoferfays,  "  is  expanded  through- 
out all  the  heavens  f  particles  of  earth  there- 
fore will  have,  befides  their  limited,  decreafing, 
or  repulfive  atmofpheres  of  fire,  increafmg  or 
attractive  atmofpheres  of  asther,  extending  per- 
haps to  the  utmoft  bounds  of  the  univerfe.  But 
particles  of  phlogifton  will  have  decreafing  or 
repulilve  atmofpheres  of  asther,  reaching  to  the 
fame  diftance  as  thefe  laft,  but  no  increafing  or 
attractive  atmofpheres  of  fire,  or  at  leaft  only 
momentary  ones  ;  becaufe,  on  account  of  the 
fmall  quantity  of  this  medium,  and  its  not  fill- 
ing the  univerfe,  it  will  all  be  attracted  by,  and 
gathered  about  the  particles  of  earth.  To  il- 
luftrate  this  it  may  be  noted,  that  when  to  a 
particle  of  earth  another  of  phlogifton  is  added, 
part  of  its  repulfive  atmofphere  of  fire  is  dif- 
Iodged.  Now,  if  the  analogy  held  good,  the 
diflodged  fire  ought  to  go  into  the  increafing  or 
attractive  atmofphere  of  fire  of  the  particle  of 
phlogifton  added  ;  but,  on  the  contrary,  it  goes 
into  the  repulfive  atmofpheres  of  fire  of  the 
particles  of  earth  around,  as  is  proved  by  the 
thermometer  and  the  fenfe  *.  On  the  contrary 
when  to  a  particle  of  phlogifton  another  of 

*  Vide  cafe  XI.  ' 

I  2  carih 
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earth  is  added,  the  sether  which  is  expelled 
from  the  repulfive  atmofphere  of  the  former, 
goes  into  the  attracting  atmofphere  of  the  latter. 
For  whenoil  of  vitriol  is  mixed  with  water, 
fire  is  diflodged  from  the  particles  of  earth ;  and 
by  the  fame  reafon  aether  muft  be  diflodged 
from  the  particles  of  phlogifton.  Now  heat  is 
caufed  by  the  diflodged  fire,  becaufe  it  goes  in- 
to the  repelling  atmofpheres  of  fire  of  the  fur- 
rounding  particles  of  earth,  as  obferved  above  *. 
But  if  the  fame  rule  held  good  with  the  dif- 
lodged aether,  the  mixture  would  weigh  heavier 
than  the  ingredients  did  before,  becaufe  the 
particles  of  phlogifton  having  lefs  repulfive  at- 
mofpheres of  aether,  would  be  lefs  repelled  by  the 
globe  of  the  earth,  and  therefore  they  would 
have  lefs  levitation,  or  centrifugal  force.  But 
the  aether  diflodged  from  the  repulfive  atmo- 
fpheres of  the  particles  of  phlogifton,  goes 
into  the  attracting  atmofpheres  of  the  particles 
of  earth  with  which  the  phlogifton  is  combined, 
and  which  therefore  by  that  combination  had 

*  Perhaps  Phlogifton  does  not  repel  fire  atmofpherically, 
but  by  particle  and  particle,  their  fubtilty  being  nearly  alike. 
Or  do  they  really  repel,  or  only  expel  one  another,  as  the  fixed 
alcali  expels  the  volatile  from  acids  ? 

its 
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its  repullion  for  aether  diminifhed ;  and  therefore, 
what  the  particles  of  phlogifton  loft  in  centrifugal, 
thofe  of  earth  loft  in  centripetal  force,  fo  that 
the  weight  continued  the  fame*.  When  thefe 
ideas  firft  occurred  to  me,  I  made  experiments 
with  oil  of  vitriol  and  water,  and  with  fpirit  of 
nitre  and  ice,  to  fee  whether  they  altered  in 
weight  after  mixture.  By  the  inaccuracy  of  my 
weights  I  had  like  to  have  fallen  into  an  error, 
for  the  vitriolic  mixture  feemed  heavier,  and 
the  nitrous  lighter  than  their  ingredients;  but 
by  repeating  the  experiment  I  difcovered  the 
caufe  to  be  in  the  weights.  The  abfolute  gra- 
vities of  the  compounds  were  the  fame  as  thofe 
of  their  ingredients  ;  and  confequently  the  de- 
creafe  or  incrcafe  of  attraction  of  aether  by  the 
particles  of  phlogifton,  was  balanced  by  an 

*  Imagine  a  particle  of  phlogifton  where  gravity  is  ^i, 
and  another  of  earth  whofe  gravity  is— -2.  If  they  arc  com-, 
bined,  their  gravity  will  be  equal  to  the  fum  of  their  gravi- 
ties before  combination,  or  -|- 1  :  and  this  will  be  the  cafe 
whether  their  combination  be  more  or  lefs  intimate ;  and 
whether  free  particles  with  their  full  atmofpheres  be  ftrp- 
pofed,  or  particles  already  combined  ;  for  on  their  reparation 
from  their  previous  combinations,  they  will  inftantly  ac- 
quire their  proper  a»therial  atmofpheres,  as  is  obvious  from 
what  has  been  faid, 

I  3  equal 
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equal  incrcafe  or  decreafe  of  the  repulfion  of 
that  medium  by  the  particles  of  earth. 

The  principles  which  have  been  propofcd 
are,  probably,  of  general  extent.  All  bodies 
maybe  compounds  of  phlogifton  and  earth,  with 
regulating  atmofpheres  of  aether  and  fire  ;  and 
all  the  differences  in  thefe  bodies  may  arife 
from  the  different  proportions  and  manners  of 
their  combination.  A  new  field  of  fpeculation 
feems  therefore  to  be  opened  to  philofophers  by 
this  theory. 

Case  VIII.  But  if  the  mutual  attraction  be 
increafcd,  the  atmofphere  of  the  particle,  and 
alfo  its  repulfive  power  will  be  augmented. 

Case  IX.  Suppofing  two  particles  of  air  A 
and  B,  and  that  the  gravity  of  fire  towards  B 
is  decreafed,  fo  as  to  be  but  half  of  that  towards 
A ;  the  atmofphere  of  A  will  contain  twice  the 
quantity  of  fire  of  the  atmofphere  of  B.  If 
thefe  two  particles  be  brought  near  to  each 
other,  the  atmofpheres  will  not  become  equal, 
as  in  cafe  VI.  but  each  particle  will  retain  its. 
atmofphere  as  before. 

The 
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The  reafon  of  this  likewife  is  obvious;  the 
attraction  of  A  for  fire  being  double  that  of 
B,  and  their  repulfive  powers  will  be  different. 

Case  X.  The  fame  things  being  fuppofed, 
the  heat  of  B  will  be  equal  to  that  of  A,  not- 
withftanding  it  contains  but  half  the  quantity 
of  fire. 

For  thefe  are  the  proportions  which  they 
would  retain  at  the  common  temperature,  or 
when  placed  near  each  other,  as  above  :  and 
this  rule  determines  the  heat,  as  is  evident  by 
what  follows. 

Case  XI.  The  fame  being  fuppofed,  an  equal 
quantity  of  fire  added  to  A  and  B,  will  heat  B 
twice  as  much  as  A ;  and  the  quantity  of  fire 
nccelfary  to  raife  them  to  equal  heats,  will  be 
in  proportion  to  the  quantities  of  fire  which,  at 
the  common  temperature,  they  naturally  retain. 
The  like  may  be  obferved  with  regard  to  cold. 

For  if  to  A  a  third  particle  were  applied, 
which  had  but  half  the  heat,  but  which  would 

I  4  naturally 
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naturally  retain  as  much  fire  as  A,  it  would 
take  one  fourth  of  A's  fire  from  it,  by  cafe 
VI. 

But  if  the  fame  particle  were  applied  to  B, 
it  would  take  away  half  of  B's  fire  to  raife  it 
to  the  above  heat,  though  one  third  only 
would  render  their  quantities  as  2  to  1 ;  as  is 
obvious  by  what  was  faid  in  the  IX.  and  X. 
cafes. 

The  mixture  of  bodies,  which  at  the  com-^ 
mon  temperature  retain  different  proportions 
of  fire,  when  thefe  bodies  are  heated  at  dif- 
ferent degrees,  and  the  phenomena  refulting 
from  them,  as  alfo  the  equal  affection  of  the 
fenfe,  and  of  the  thermometer  by  thofe  diffe- 
rent bodies  when  at  like  temperatures,  may  be 
underftood  from  this  cafe,  and  thofe  which  pre- 
cede it. 

\ 

Definition  I.  When,  at  the  common 
temperature,  a  particle  is  made  to  retain  a 
greater  quantity  of  fire  than  it  would  naturally 
do  in  that  temperature,  the  particle  fhall  be  hot. 

Def. 
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Def-II.  And  if  it  be  made  to  retain  lefs 
fire  than  it  naturally  would  do  in  that  tempe- 
rature, it  mall  be  cold. 

Bodies  are  expanded  by  heat  merely  be^ 
caufe  their  particles  are  furrounded  with  greater 
atmofpheres  of  fire,  and  therefore  repel  each 
other,  fo  that  they  are  kept  at  a  greater  dif- 
tance  than  before.  Cold  is  caufed  in  the  fenfe 
merely  by  diminishing,  and  heat  merely  by  iiir- 
creafing  the  quantity  of  fire  in  the  part,  and 
therefore  caufing  a  like  contraction  or  expan- 
fion  of  that  part  *.  I  do  not  therefore  fee  any 
reafon  for  fuppofing  either  that  the  particles  of 
bodies  are  in  a  ftate  of  vibration  when  hot,  or 
that  the  particles  of  fire  themfelves  are  in  that 
continual  rapid  motion  which  others  imagine  f. 
If  the  latter  was  the  cafe,  the  particles  of  air 
ought  to  be  exceedingly  hot,  by  reafon  of  the 
great  and  therefore  condenfed  atmofpheres  of 
fire  which  they  contain     but  at  the  common 

*  It  muft  be  obfervcd  that  pain,  which  accompanies  thefe 
fcnfations  when  yiolent,  is  not  to  be  confounded  with  the  fen- 
fations  themfelves. 

f  Vide  Macqucr's  Chymical  Dictionary. 

temperature 
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temperature  they  are  no  hotter  than  others, 
which  retain  atmofpheres  much  lefs. 

Case  XII.  Imagine  a  particle  attracting  fire, 
and  another  which  would  diminifh  that  attrac- 
tion ;  if  they  are  at  a  fufftcient  diftance  from 
each  other,  the  latter  will  not  affect  the  attrac- 
tion of  the  former  for  fire,  but  it  will  dimi- 
i  nifh  that  attraction  more  on  being  brought 
nearer;  and  when  they  meet,  the  diminution 
will  be  greateft  of  all. 

Case  XIII.  The  fame  things  fuppofed,  the 
attraction  of  the  former  particle  for  fire  will  be 
lefs,  according  as  it  is  .already  combined  with 
more  of  the  latter. 

Case  XIV.  The  attraction  of  the  former 
particle  for  thofe  of  the  latter  kind  will  be  lefs, 
according  as  it  is  already  more  faturated  with 
them  ;  for  they  will  exift  in  the  atmofphere  at 
a  greater  diftance  from  the  particle ;  and  there- 
fore they  will  alfo  have  lefs  power  of  diminifh- 
ing  the  particles  attraction  for  fire  *. 


*  Vide  Cafe  XII. 


These 
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These  cafes  were  fuggefted  to  me  by  the. 
following  experiments. 

Exp.  I.  It  is  well  known  that  if  oil  of  vi- 
triol and  water  be  combined,  a  great  degree 
of  heat  is  generated. 

In  a  fmall  flender  phial  I  put  water,  and 
added  to  it  about  an  equal  bulk  of  oil  of  vi- 
triol ;  the  acid  was  poured  down  the  fides  of 
the  phial,  and  remained  at  the  bottom  ;  as  foon 
as  this  was  done,  and  before  making  them  to- 
gether, I  marked  the  height  of  the  liquid  on 
the  outfide,  and  then  well  mixed  the  ingredi- 
ents. A  very  great  heat  prefently  fucceeded, 
and  afterwards  I  found  that  the  furface  of  the 
liquid  was  below  the  mark.  But  it  could  not 
have  evaporated,  becaufe  it  was  clofe  flopped 
with  a  cork  *. 

Exp.  II.  I  put  fome  pounded  ice  into  a  phial, 

1 

*  I  have  fomewhere  read  that  a  drop  of  concentrated  vi- 
triolic acid,  and  another  of  water  being  put  into  a  flender  tube, 
penetrated  each  others  dimenfions,  fo  as  to  be  lefs  in  bulk. 
But  the  fpecific  gravity  of  oil  of  vitriol  firft  led  me  to  try 
the  above  experiment. 

and 
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and  added  fpirit  of  nitre  highly  concentrated 
till  it  juft  covered  the  ice ;  I  immediately  mark- 
ed the  height  of  the  liquid  ;  and  after  the  ice 
was  diflblved,  found,  contrary  to  what  hap- 
pened with  the  above  mixture,  that  the  Iiqui 
had  rifen  above  the  mark.  A  great  degree  o 
cold  was  generated  by  the  combination. 

I  do  not  remember  that  there  was  any  inac 
curacy  in  making  thefe  experiments  ;  and  the 
feem  to  indicate  that  the  heat  and  cold  in  thef< 
mixtures  are  connected  with  the  contraction 
and  expanfion  of  the  compound.  I  at  firfl 
thought  that  it  was  from  the  contraction  or  ex 
panfion  of  the  body  as  a  whole ;  but  on  confi- 
dering  that  ice  is  more  expanded  than  the 
water  from  which  it  was  formed,  and  yet  that 
heat  is  generated  by  the  congelation  I  con- 
cluded that  the  contraction  and  expanfion  murt 
be  confidered  as  in  the  particles  themfelves ; 
and  that  this  always  takes  place  in  the  particles 
on  thefe  occafions,  though  particular  circum- 
frances  (fuch  as  new  arrangements  of  the  par- 
ticles, and  the  like)  may  in  fome  cafes  hinder  the 
rule  from  obtaining  in  the  whole  mafs  or  body, 
*  Dr.  Black. 

The 
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The  particles  of  the  oil  of  vitriol  and  water 
therefore  were,  by  fome  very  powerful  agent, 
drawn  nearer  to  each  other,  fo  as  to  occupy 
lefs  fpace  than  before ;  and  as  the  principle  of 
cohelion  in  earth,  or  common  gravitating  matter, 
was'fliewn  to  be  phlogifton,  it  feems  to  have 
been  effected  by  the  agency  of  that  principle. 
As  the  phial  was  corked,  it  did  not  feem  likely 
that  any  frefli  particles  of  phlogifton  mould 
have  been  derived  from  without.  Befldes,  if 
that  had  been  the  cafe,  the  weight  of  the 
compound  would  have  been  lefTened  :  but 
by  repeating  the  experiment,  and  weighing 
the  ingredients  before  mixture,  and  again  im- 
mediately after,  and  fuffering  the  whole  to  re- 
main in  the  fcale,  properly  fufpended,  till  cold, 
I  did  not  find  this  to  happen.  Now  phlogifton 
muft  combine  more  firmly  with  the  bodies  ac- 
cording as  they  are  already  lefs  faturated  there- 
with *    That  water  contains  this  principle  in 

confiderable 

*  Imagine  a  particle  of  earth,  and  that  phlogifton  be  add- 
ed to  it  in  the  manner  of  an  atmofphere.  The  particles  of 
phlogifton  at  the  greateft  diftance,  being  lefs  attracted,  will 
retain  greater  atmofphcres  of  tether.  Phlogifton  may  be  added 
to  the  particle  till  it  can  retain  no  more,  by  reafon  of  the  re- 

pulfion 
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confiderable  quantity  is  obvious,  by  its  affording 
nourifhment  to  vegetables,  by  its  being  a  con- 
ductor of  electricity,  and  alfo  by  an  experiment 
of  Dr.  Prieftley,  in  which  the  calx  of  mercury 
was  reduced  by  the  phlogifton  from  that  fluid, 
and  this  alfo  mews  that  it  was  not  contained 
in  a  ftrongly  combined  ftate.  The  oil  of  vi- 
triol, by  reafon  of  the  vitriolic  acid  *,  is  of  a 
more  pure  earthy  nature,  or  is  lefs  phlogifti- 
cated  ;  and  therefore  its  attraction  for  phlogis- 
ton will  be  greater  than  that  of  water.  The 
phlogifton  of  the  water  will  therefore  be  laid 
hold  of  by  the  acid,  and  that  ftill  retaining  the 
water,  a  dole  and  intimate  connection,  or  ftrong 
attraction,  or  cohefion  will  take  place  between 
the  particles  of  the  acid  and  thofe  of  the  water, 
fo  that  they  will  be  drawn  into  letter  dimen- 
flcns.   By  this  more  intimate  combination  the 

pulfion  of  the  aetheriiil  atmofpheres.  For  the  fame  reafon  two 
fuch  particles,  when  overcharged  with  phlogifton,  will  have 
their  cohefion  diminifned  by  frefh  addition  inftead  of  increafed. 
A  particle  thus  overcharged,  and  another  charged  lefs,  will 
cohere  more  ftrongly  than  the  two  particles  juft  mentioned, 
for  the  outer  phlogifton  of  the  former  particle  will  be  more 
forcibly  attracted  by  the  latter,  than  by  any  homogeneous 
one,  and  therefore  will  more  firmly  combine  with.it. 
*  Vide  fcdlion  VI. 

particles 


OBSERVATIONS.  143 

particles  of  phlogifton  will  lofe  part  of  their 
attraction  for  aether  ;  and,  for  the  fame  reafon, 
the  earthy  particles  of  the  acid  applied,  will 
lofe  part  of  their  attraction  for  fire.  The  fire 
•which  thus  becomes  fuper abundant  is,  I  take  if, 
the  caufe  of  the  heat  of  the  ?nixture. 

If  we  imagine  the  oil  of  vitriol  to  be  again 
feparatcd  from  the  water,  a  degree  of  cold  will 
be  generated,  equal  to  the  heat  from  their  mix- 
ture, becaufe  the  attraction  of  the  earthy  par- 
ticles' for  fire  will  be  reftored. 

This,  and.  what  follows  to  cafe  XVII.  will 
probably  explain  the  caufes  of  heat  and  cold 
arifing  from  chymical  mixtures  in  general. 

Case  XV.  It  feems  therefore  that  "  when- 
ever heat  is  generated,  without  any  addition  of 
frefh  phlogifton,  it  argues  an  increafe  of  attrac- 
tion between  the  particles  of  phlogifton  and 
earth,  and  a  confequent  diminution  of  the  at- 
traction between  the  particles  of  earth  and  fire." 
The  contrary  may  be  obferved  with  refpect 
to  cold. 


Wll  EX 
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When  Bodies  return  from  an  elaftic  to  a 
fluid  ftate,  or  from  a  fluid  to  a  folid  Hate,  heat 
is  generated  ;  and  cold  in  the  contrary  cafes, 
as  Dr.  Black  and  others  have  {hewn  ;  the  above 
may  be  the  reafon.  And  there  are  other  phe- 
nomena of  the  kind  which  will  occur  to  the 
Reader,  probably  depending  on  the  fame  prin- 
ciple. 

Cas  e  XVI.  When  a  particle  of  phlogifton  is 
combined  with  a  particle  of  earth,  heat  is  gene- 
rated, if  the  foregoing  reafoning  be  true  ;  and 
if  the  combination  be  rendered  ftill  more  in- 
timate, frefli  heat  will  arife. 

Case  XVII.  It  follows  therefore,  that  if 
phlogifton  weakly  combined  with  one  particle, 
be  transferred  from  thence  to  another,  with 
which  it  may  form  a  ftronger,  or  more  inti- 
mate combination ;  the  heat  generated  by  the 
combination,  in  the  latter  cafe,  will  be  greater 
than  the  cold  generated  by  the  decompofition 
in  the  former :  and  this  difference  will  be 
greater,  according  to  the  difference  of  the  two 
attractions  or  combinations.  The  contrary  may 
be  obferved  of  the  generation  of  cold  5  and 

the 
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the  reafons  are  obvious  from  what  has  been 
faid. 

This  cafe  may  obtain  infome  kinds  of  chy- 
mical  mixtures,  particularly  in  certain  folutions 
of  metals  by  acids.  Sec.  But  the  former  part 
of  it  feems  to  me  to  be  the  principle  on  which 
the  Jieat  in  combuftion  depends. 

That  phlogifton  has  different  degrees  of 
attraction  or  forces  of  combination,  with  diffe- 
rent particles,  and  with  the  fame  particle  *  in 
different  circumflances,   appears  by  the  fol- 

*  Vide  cafe  XII.  &c.  It  may  be  obferved  that  the  attrac- 
tive forces  of  fpherical  bodies  decreafe  in  the  duplicate  ratio 
of  the  diftance.   The  rarity  of  the  phlogifton  therefore  muft 
increafe  in  the  direct  proportion  of  the  diftance,  as  happens 
with  our  atmofphere,  and  with  the  atmofpheres  of  fire  about 
particles  of  earth,  as  (hewn  before.    Sir  Ifaac  Newton  has 
fhewn,  in  the  369  page  of  his  Optics,  3d  edition,  that  the  at- 
traction of  eohefion  is  as  the  diftance ;  which  anfwers  to  the 
above.    Particles  of  earth  do  not  feem  to  exert  their  whole 
attractive  force  on  phlogifton ;  but  after  faturation  with  it 
they  feem  to  have  fome  attraction  left  for  fire,  as  water  fatu- 
rated  with  one  fait  can  yet  attract  another :  hence  the  cohe- 
ring forces  of  bodies  reach  but  to  a  given  diftance  beyond  them. 
The  like  may  perhaps  be  the  cafe  with  phlogifton. 

K  lowing 
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lowing  confideratiofts.  After  phofphorus  is 
burnt,  if  the  acid  be  urged  with  a  great  heat,  it 
will  give  evident  figns  of  containing  phlogifton, 
as  Mr.  Macquer  obferves.  Lead  eafily  parts 
with  a  certain  portion  of  its  phlogifton  by  cal- 
cination $  but  retains  another  part  very  obfti- 
nately.  Phlogifton  with  pure  vitriolic  acid, 
forms  fulphur ;  but  if  water  be  previoufly  com- 
bined with  the  acid,  it  forms  an  incombuftible 
liquid.  Light  cannot  form  a  combination  directly 
with  air ;  but  if  it  be  previoufly  combined  with 
proper  matters,  it  is  then  combuftible  phlogif- 
ton. Phlogifton  transferred  from  charcoal  to 
zinc  is  much  lefs  eafily  combuftible  than  while 
it  was  in  the  charcoal,  and  many  other  inftances 
might  be  produced. 

Particles  of  greater  fixity  or  force  of 
cohefion  (I  mean  homogeneous  ones,  and  in 
certain  cirenmftances)  appear  to  have  lefs  at- 
mospheres of  fire  than  thofe  homogeneous  ones 
whole  fixity,  or  force  of  cohefion,  among  one 
another  is  lefs.  Hence  we  find  that  the  par- 
ticles of  water,  for  example,  have  atmofpheres 
of  fire  ib  fmall  that  with  the  ufual  heat  of  the 
air,  their  fphercs  of  rcpulfion  do  not  reach  be- 
yond 
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Eyond  their  fpheres  of  cohefion  *.   For  in  that 
£ieat  they  will  coalefce  after  having  been  ren- 
dered elaftic  by  a  greater  degree  ;  and  the 
[particles  of  many  bodies  coalefce  in  an  heat 
much  greater.   On  the  contrary,  air,  which  is 
a  vafl  deal  lefs  fixed,  or  the  cohefion  of  whofe 
particles  one  with  another  is  a  vaft  deal  lefs,  is 
very  elaftic  with  the  ufual  heat  of  the  atmo- 
fphere,  and  even  in  the  greateft  cold  we  have 
been  able  to  produce.     The  atmofpheres  of 
fere  therefore  extend  to  a  greater  diftance  be- 
jyond  the  cohering  fpheres  of  the  particles,  and 
a  prodigious  quantity  of  fire  feems  to  be  con- 
tained in  the  atmofphere  of  a  particle  of  air,  in 
proportion  to  what  is  retained  by  one  of  the 
fixed  particles  juft  mentioned,  infomuch  that 
lair  fcems  to  be  the  great  refervoir  of  this  prin- 
ciple.   If,  therefore,  we  fuppofe  the  cohering 
fpheres  of  particles  to  be  compofed  of  phlogif- 
iton,  and  as  phlogifton  feems,  by  what  has  been 
faid,  to  weaken  the  attraction  of  particles  for 
ifire,  we  have  a  reafon  why  fixed  or  cohering 
i  particles  have  lefs  atmofpheres  of  fire  than  thofe 
which  are  lefs  fo :  homogeneous  particles,  how- 
ever,  muft  be  underftood  in  thefc  cafes  5  for 
*  SeealfofcftionlX. 

K  2  with 
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with  heterogeneous  ones  the  cafe  will  be  diffe- 
rent *,  Alfo,  even  homogeneous  particles  over- 
charged with  phlogifton  will  not  cohere  fo 
well  as  when  they  have  lefs,  as  appears  from 
what  has  been  faid  ;  and  yet  their  attraction 
for  fire  will  be  lefs. 

It  feems  to  me  that  the  fixed  or  unalterable 
particles  of  bodies,  as  of  air,  water,  Sec.  -j-  are 
not  pure  gravitating  matter,  or  earth,  but  par- 
ticles of  earth  and  phlogifton  combined  toge- 
ther, in  different  proportions  and  manners,  fo 
as  that  they  may  have,  originally,  greater  or 
lefs  attractions  for  phlogifton  and  fire,  and  re- 
pulfion  for  aether.  What  was  advanced  in  cafe 
XII.  Sec.  will  hold  good  with  any  of  thefe,  but 
With  different  degrees  of  force,  and  the  idea, 
properly  purfued,  might  have  its  ufes.  But 
however  this  be,  the  fa£t,  that  moveable  phlogif- 

*  Thus  air  will  cohere  ftrongly  with  more  fixed  particles 
(as  in  nitre),  though  its  particles  will  not  cohere  among  them- 
felves  :  the  reafon  is  plain  from  what  was  faid  in  cafe  XIV. 

f  I  do  not  mean  the  primary  or  abfolutely  folid  particles, 
but  thefe  on  which  the  invariable  fecondary  properties  of  bo- 
dies depend,  and  which  experience  (hews  to  be  indcitruttible. 
Thus  water  is  the  fame  in  all  a-es. 

ton 
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ton  *  is  more  intimately  combined  in  fome  bodies 
than  in  others,  and  that  it  weakens  the  attraction 
for  fire  in  proportion  to  the  force  of  that  combi- 
nation, feems  probable  from  what  has  been  faicL 
and  will  appear  null  more  probable  when  we 
apply  it  to  the  folution  of  the  phenomena  of 
combuftion  in  the  next  fection.  As  I  do  not 
pretend  to  demonftration,  and  as  thefe  cafes 
contain  as  much  as  is  judged  neceffary  to  the 
fubject  which  they  were  intended  to  elucidate, 
I  mall  not  here  purfue  the  idea  any  farther. 

What  has  been  faid  of  the  attraction  of 
fire  by  particles  of  earth  in  the  foregoing  cafes, 
may  be  applied,  under  proper  refrri&ions,  to  the 
repulfion  of  aether  by  the  fame  particles,  and  to 
the  attraction  of  it  by  particles  of  phlogiftoft, 
as  is  evident  from  the  preceding  difcourfe,  and 
therefore  I  need  not  enlarge  on  it. 

*  I  mean  phlogifton  which  may  be  transferred  from  one 
body  to  another. 


SECT. 
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SECTION  VIIL 

Of  the  Origin  of  Heat  in  Combujlion. 

J_JAVING  in  the  preceding  fe&ion  given 
fome  conjectures  concerning  the  manner  in 
which  fire  is  retained  by  the  particles  of  bodies, 
and  by  what  laws  it  is  regulated;  we  may 
proceed  to  examine  how  far  they  agree  with 
the  heat  which  attends  combuftiqn. 

It  was  fhewn  in  the  third  feclrion  that  com- 
bullion  is  a  truly  chymical  procefs,  and  depends 
on  this  principle,  "  that  the  air  attracts  phlogis- 
ton from  the  combuftible  body  by  means  of  a 
fuperior  affinity."  » 

In  the  fourth  feclion  it  appeared  that  when 
a  particle  of  air  attracted  phlogifton  from  a  par- 
ticle of  a  combuftible  body,  heat  was  genera- 
ted, and  it  was  promifed  that  the  caufe  of  that 
heat  mould  be  confidered  in  a  future  fe&ion. 

/  It 
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It  has  appeared  probable,  in  the  courfe  of 
the  laft  fection,  that  the  particles  of  bodies  have 
an  attraction  for  fire  ;  and  that  the  attraction 
is  greater,  as  the  particles  are  freer  from  phlo- 
gifton. It  further  appeared,  that  according  as 
the  fame  quantity  of  phlogifton  is  more  inti- 
mately combined,  it  caufeth  a  greater  diminu- 
tion of  the  particles'  attraction  for  fire.  It  alfo 
appeared  that  the  particles  of  air  have  very 
great  attractions  for  fire,  and  thereby  retain 
vaft  atmofpheres  of  it ;  but  that  the  quantity  of 
fire  retained  by  fixed  homogeneous  particles  is 
on  the  contrary  very  little. 

Now,  agreeable  to  the  feventeenth  cafe  in 
the  preceding  fedtion,  imagine  a  particle  of  the 
phofphoric  acid  faturated  with  phlogifton,  and 
that  it  be  applied  to  a  particle  of  air  :  let  the 
attraction  of  the  acid  for  phlogifton  be  weak, 
but  that  of  air  ftrong,  the  particle  of  the  air 
will  attract  the  phlogifton  from  the  acid  ;  and 
the  combination  will  be  ftronger  than  with  the 
acid  in  proportion  to  the  difference  of  the  at- 
tractions ;  the  heat  generated  by  the  combina- 
tion, will  be  greater  than  the  cold  generated 
by  the  dccompofition,  for  the  fame  reafons  :  in 

K  4  other 
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other  words,  the  fuperabundant  fire  of  the  air 
will  be  more  than  fufneient  to  fatiate  the  in- 
creafed  attraction  of  the  acid,  by  the  excefs  of 
the  attraction  of  the  air  above  that  of  the  acid. 
And  this  feems  to  me  to  be  the  manner  in  which 
heat  in  combuftion  is  generated. 

CorollaryI.  The  difference  of  the  attrac- 
tions may  be  eftimated,  by  meafuring  the  ge- 
nerated heat,  and  attending  to  the  following 
circumflance. 

Cor.  II.  The  fuperabundant  fire  of  the  air 
will  be  attracted  by,  or  gravitate  towards,  the 
bodies  around,  in  order  to  reflore  the  equili- 
brium. And  according  as  thefe  furrounding 
bodies,  or  the  extraneous  particles,  have  lefs 
attractions  for  fire,  the  more  will  they  be 
heated  by  this  fuperabundant  fire.  Vide  cafe  XI. 

Cor.  III.  Suppofing  a  number  or  mafs  of  the 
phofphoric  particles,  the  more  of  them  that  are 
decompofed  in  a  given  time,  the  greater  will 
be  the  quantity  of  fuperabundant  fire  generated 
in  that  time;  and  therefore,  fuppoling  the  fur- 
rounding  bodies,  or  extraneous  particles  to  be 

the 
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the  fame,  the  hotter  will  they  be :  but  if  they 
be  different,  their  heat  will  be  different  accord- 
ing to  their  attractions  for  fire,  as  may  be  col- 
lected from  the  eleventh  cafe  in  the  laft 
feftion. 

Now  that  fire  is  taken  from  the  air  in  com- 
buftion  appears  from  hence,  that  its  elafticity, 
or  repulfive  power  is  weakened,  and  its  dimen- 
fions  decreafed,  fo  that  the  particles  are  not 
kept  at  fo  great  a  diftance  from  each  other  as 
before  ;  for  it  was  fliewn  in  the  firfl  five 
cafes  that  the  particles  are  kept  at  a  diftance 
from  each  other  by  means  of  their  atmofpheres 
of  fire.   Mr.  Cavendifh  has  fhewn,  if  I  remem- 
ber right,  that  the  fpecific  gravity  of  fixable 
air  is  to  that  of  common  air  as  if  to  1,  and  yet 
the  abfolutc  gravity  of  the  fixed  air  muft  have 
been  greatly  diminifhed  by  its  combination 
with  phlogifton,  fo  that  the  difference  of  elas- 
ticity of  pure  fixable  and  common  air  muft  be 
ft  ill  greater  than  in  that  proportion*.  Thofe  who 
have  conveniencies  for  making  experiments 
would  do  well  to  examine  and  afcertain  thefe 
matters. 

*  Sec  alfo  the  next  fc&ion. 

If 
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If  we  take  a  furvcy  of  the  different  inflam- 
mable bodies  we  fliall  find  that  fome  of  them 
require  a  greater  heat  to  kindle  them,  and 
others  a  lefs.   And  therefore  before  a  body 
can  be  enabled  to  continue  its  own  combuftion, 
fuch  a  quantity  of  its  particles  muft  be  decom- 
pofed  in  a  given  time,  as  will  be  fufficient  to  J 
furnifh  a  due  portion  of  fuperabundant  fire. 
But,  if  the  fubftance  be  perfectly  and  uniformly 
inflammable,  a  fufficient  number  of  particles  \ 
thus  once  decompofed,  will  furnifli  fire  enough 
to  equal  the  degree  of  extraneous  heat  firft  ap-  ] 
pJied,  and  therefore  to  continue  the  generation  I 
of  a  like  quantity  fucceffively,  by  means  of  new  • 
decompofitions,  as  long  as  any  of  the  fubftance  ! 
remains.    Vide  fection  VI. 

Supposing  an  equal  quantity  of  fuperabun-  j 
dant  fire  generated  by  different  bodies  in  the  J 
fame  time,  "  the  heat  of  the  flame  will  be 
greateft  in  thofe  whofe  phlogifticated  particles, 
after  parting  with  their  phlogifton,  have  the 

leaft  attraction  for  fire  ;  which  contain 

the  feweft  extraneous  particles  and  whofe 

extraneous  particles  attract  fire  leaft."  

 -The  flame  of  fpirit  of  wine,  when  fufli- 

cjently  gentle,  is  not  even  ignited,  as  will  be 

[hewn.. 
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Shewn.  For  this  liquid  contains  fo  large  a  pro- 
portion of  extraneous  particles  *,  and  thefe 
fecm  to  have  fo  great  an  attraction  for  fire,  that 
the  fuperabundant  fire  is  not  fufficient  to  make 
them  red  hot.  Perhaps  there  is  not  more  fire 
feparated  from  the  air  in  a  given  time  by  oil, 
than  by  fpirit  of  wine  :  but  as  oil  contains  a 
much  lefs  proportion  of  extraneous  particles, 
the  fame  quantity  of  fire  is  fufficient  to  ignite 
the  vapour  of  oil,  though  it  cannot_that  of  fpi- 
rit of  wine. 

If  we  fuppofe  all  other  circumftances  alike, 
the  heat  of  the  flame  will  be  greateft  in  thofe 
bodies  which,  in  a  given  time,  faturate  the 
greateft  quantity  of  air,  or  generate  the  greateft 
quantity  of  fuperabundant  fire.  Perhaps  lamp- 
oil  has  as  great  a  proportion  of  phlogifton  as 
zinc  ;  yet  the  flame  of  zinc,  if  I  am  rightly  in- 
formed, is  by  much  the  hotteft,  and  therefore 
the  decompofition  in  the  metal  proceeds  more 
rapidly  than  in  the  oil. 

I  used  formerly  to  think  that  thofe  bo- 
dies would  require  the  greateft  heat  to  begin 

*  Water, 

their 
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their  combuftion,  which  attracted  the  phlogif- 
ton  moft  ftrongly ;  heat  weakening  the  attrac- 
tion between  phlogifton  and  earth.  But  that 
this  is  not  always  the  cafe  appears  from  hence, 
that  if  this  rule  held  good,  thofe  different  bo- 
dies would  fuffer  equal  decompofitions  in  equal 
times,  which  dees  not  agree  with  the  laft  pa- 
ragraph. In  chymiftry  alfo,  we  find  that  the 
phlogifton  may  be  transferred  from  the  earth 
of  charcoal,  to  the  calx  of  zinc  ;  from  thence 
to  the  phofphoric  acid  ;  from  the  phofphoric 
acid  to  the  vitriolic  ;  and  from  thence  again 
to  the  nitrous  acid,  or  air.  Yet  charcoal  burns 
with  more  difficulty  than  fulphur ;  and  zinc 
does  not  begin  to  flame  but  with  an  heat  vaftly 
fuperior  to  that  which  kindles  phofphorus., 
Chymiftry,  however,  furnifhes  us  with  fome- 
thing  analagous  to  this  :  thus  all  the  acids,  ex- 
cept the  phofphoric,  attract  fixed  alcali  prefe- 
rably to  calcareous  earth ;  but  that  acid  attracts 
the  earth  preferably  to  the  alcali.  The  vi- 
triolic acid  attracts  fixed  alcali  more  than  the 
nitrous ;  but  the  nitrous  acid  attracts  phlogifton 
ftrongcr  than  the  vitriolic.  But  one  reafon  of 
the  greater  difficulty  in  inflaming  zinc  than 

phofphorus 
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phofphorus  *  may  be,  that  the  former  contain? 
extraneous  particles  which  fhield  and  defend 
the  phlogifton  from  the  attion  of  the  air  :  thus 
water  defends  phlogifton  from  the  action  of  the 
vitriolic  acid,  and  fulphur  cannot  be  formed 
till  by  heat,  or  otherwife,  the  water  is  diffipa- 
ted  -j*.  For  that  the  difficulty  of  the  combuftion 
of  zinc  does  not  proceed  from  its  fixity,  or  dif- 
ficulty of  being  raifed  into  vapour  alone,  ap- 
pears from  hence,  that  the  combuftion  of  lead 
is  effected  without  fuch  vapour,  or  merely  by 
calcination.  But  when,  by  the  attion  of  heat, 
the  phlogifton  of  the  zinc  is  rendered  combi- 
nable  with  air,  the  decompofition  proceeds 
rapidly  indeed !  by  reafon  of  the  weak  attrac- 
tion of  the  phlogifton  for  the  calx,  or  of  the 
great  eafe  with  which  the  air  now  attracts  the 
phlogifton  from  that  body. 

The  heat  attending  nitrous  combuftions 
may  be  underftood  by  referring  to  what  was 
faid  concerning  them  in  the  fixth  fection.  A 
certain  degree  of  extraneous  heat  muft  be  ap- 

*  See  alfo  cafe  vii.  feftion  VIII. 

t  Fixable,  and  phlogifticatcd  air  may,  for  a  like  reafon,  be 
analogous  to  fulphur,  and  the  volatile  vitriolic  acid. 

plied 
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plied  in  order  to  enable  the  phlogifton  and  air 
of  the  nitre  to  combine,  and  fire  is  feparated 
from  the  air  by  the  phlogifton,  in  the  fame 
manner  as  from  the  air  of  the  atmofphere  in 
common  combuftion. 

Before  oils  can  be  fet  on  fire  by  the  ni- 
trous acid  a  fufficient  degree  of  heat  muft  be 
generated  by  their  chymical  mixture*  in  order  to 
enable  the  phlogifton  and  air  to  unite ;  and  then 
the  combuftion  and  confequent  explofion  hap- 
pen as  in  ordinary  nitrous  combuftion. 

The  generation  of  fixable  air  is  a  confe- 
quence  of  combuftion  ;  and  as  this  is  generated 
in  fermentation,  in  refpiration,  and  certain 
other  proceftes  -f,  there  muft  have  been  a  com- 
buftion. Thefe  combuftions  take  place  in  the 
ordinary  heat  of  the  air,  and  are,  properly 
fpeaking,  fpontaneous  calcinations.  The  heat  is 
lefs  than  in  inflammation,  bccaufe  of  the  num- 
ber of  extraneous  particles  among  which  it  is 

*  Hence  the  ufe  of  oil  of  vitriol.  The  like  reafoning-  may 
be  applied  to  the  combuftion  of  pyrophyrus  by  common  air. 

f  This  is  to  be  underftood  in  cafes  where  fixed  air  is  actu- 
ally generated,  not  where  it  pre-exifted  and  was  only  expelled 
as  in  cflervefcent  mixtures,  Sec. 

fliared : 
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fliared  :  and  the  light  of  combuftion  *  is  not 
vifible  by  reafon  that  it  is  ftifled  by  thefe  par- 
ticles, and  alfo  becaufe  it  is  too  rare.  Thus 
fixed  air  may  be  produced  by  heating  fulphur 
in  a  clofe  veflel  5  and  by  repeating  the  procefs, 
the  whole  fulphur  might,  I  imagine,  in  time, 
be  decompofed  as  effectually  as  by  inflamma- 
tion, and  yet  by  reafon  of  its  rarity,  the  light 
(hall  not  be  vifible.  Thus  alfo  coal,  iron,  liver 
bf  fulphur,  and  other  fubftances  expofed  to  air 
lofe  their  phlogifton  in  time  ;  and  yet  by  rea- 
fon of  the  rarity  of  the  light,  and  the  flownefs 
with  which  the  decompofition  proceeds,  neither 
light  nor  heat  are  fenfible. 

By  confidering  the  degree  of  affinity  which 
phlogifton  has  for  the  particles  of  bodies 
with  which  it  is  combined,  the  volatility  or 
fixity  of  thefe  particles,  and  the  nature  and 
quantity  of  the  extraneous  particles  which  en- 
per  into  the  compofition  of  different  bodies,  we 
may  have  the  reafon s  why  fome  bodies  inflame 
(with  lefs  heat  than  others ;  why  they  burn  more 
or  lefs  rapidly  ;  why  the  combuftion  of  fome 
bodies  cannot  be  effected  without  a  continual 

*  Vide  fe&ion  IX. 

application 
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application  of  extraneous  heat,  and  the  like/ 
Hence  alfo  the  difference  between  inflamma- 
tion and  incineration  or  calcination.  The  other 
phenomena  of  the  fecond  fection  will  eafily  be 
underftoodfrom  hence,  and  from  what  has  been 
already  faid. 

Wh  ether  the  hypothecs  on  which  I  have 
proceeded  be  true  or  falfe,  experience  muft  de- 
termine ;  thofe  who  have  leifure  and  conve- 
nience would  do  well  to  profecute  the  Inquiry. 
The  Reader,  on  confidering  the  importance  of 
the  fubjedl:  *,  will  excufe  me  for  detaining  him 
fo  long  with  conje&ures;  and  the  next  fettion, 
I  hope,  will  make  him  fome  amends.  I  have 
only  been  able  to  guefs  at  the  theory  of  the 
heat  of  combuftion ;  that  of  the  light,  at  leaft 
the  obfervational  part  of  it,  I  think  I  can  ven- 
ture to  offer  as  certainty. 

*  Vide  fedlions  X.  XL  and  XIL 
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SECTION  IX. 

Of  the  Light  and  Colours  which  arife  on  the  Ig~ 
nitibn,  and  Combujlion  of  Bodies, 

gO  ME  ingenious  philofophcrs  have  of  late 
found  that  the  calxes  of  certain  metals  may 
be  reduced  by  means  of  light ;  and  that  other 
phlogiftic  procefTes  may  be  performed  by  it : 
they  have  therefore  imagined,  that  light  is 
phlogifton.  The  following  confiderations  wiJl 
perhaps  in  fome  meafure  clear  up  this  matter. 

Observation  I.  When  an  incombuftiblc 
body  is  heated  to  a  certain  degree  it  emits  light; 
and  the  light  increafes  as  the  heat  becomes 
greater.. 

Ob  s.  II.  The  light  which  is  firft  emitted  is 
of  a  reddifh  colour,  fo  much  fo  indeed  that  the 
body  is  faid  to  be  r?d-hot. 

L  Obs. 
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Obs.  III.  As  the  heat  increafes,  the  colour 
verges  more  towards  orange  and  yellow  dilu- 
ted with  white  ;  and  when  the  heat  is  very  in- 
tenfe,  the  colour  becomes  fo  white  that  the 
body  is  faid  to  be  white-hot. 

Obs.  IV.  But  if  the  heat  be  ever  fo  much 
increafed ;  yet,  if  there  be  no  combuftion,  the 
colour  is  never  found  to  vary  from  the  white 
towards  blue,  purple,  or  violet. 

It  is  known  that  light  confifts  of  rays  vari- 
oufly  refrangible,  and  that  this  arifeth  from  the 
different  fizes  of  their  particles,  thefe  rays  be- 
ing moft  eafily  refracted  whofe  particles  are 
the  fmalleft;  when  thefe  various  particles  of 
light  are  combined  with  a  body,  the  leffer  ones 
will  be  attracted  and  held  moft  powerfully,  and 
the  larger  ones  leaft,  for  the  fame  reafons  that 
the  rays  compofed  of  them  are  differently  re- 
fracted by  that  body.  When  air  is  combined 
with  a  fubftance,  the  application  of  a  proper  de- 
gree of  heat  will  feparate  it  therefrom,  and 
caufe  it  to  fly  off  in  its  elaftic  ftate.  In  like 
manner,  when  the  particles  of  light  are  combined 
with  a  body,  and  heat  be  applied,  thefe  particles 

will 
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will  be  diflodged,  and  expelled  from  the  body- 
by  the  action  of  the  fire,  and  as  they  have  a 
polar  virtue  (as  appears  by  the  double  refrac- 
tion of  ifland  chryftal)  they  will  take  the  re&i- 
linear  difpofition,  and  conflitute  rays  of  light. 
But  be  this  as  it  may,  thofe  particles  which  are 
largefl,  and  which  therefore  are  lefs  forcibly 
retained  by  the  body,  will  begin  to  be  diflodged 
with  a  lefs  degree  of  heat  than  the  fmall  ones, 
which  the  body  retains  more  powerfully  ;  and 
as  thefe  are  the  particles  which  conflitute  the 
red-making  rays,  the  body  muft  appear  red; 
this  red,  however,  will  not  be  perfect,  becaufe 
fome  of  the  other  particles  alfo  will  be  expelled, 
though  in  lefs  quantity  than  is  fufficient  to  com- 
pofe  a  white :  as  the  he'at  increafes,  the  orange, 
yellow,  and  other  particles  will  be  expelled  in 
more  equal  proportion,  and  therefore  the  colour 
will  verge  from  the  red  towards  white,  fo  that 
when  the  heat  becomes  fufhciently  intenfe, 
they  will  all  be  expelled  alike,  and  the  body 
appear  perfectly  white.  Thus  in  diflillation, 
when  liquids  of  different  volatility  are  con- 
tained in  the  alembic,  if  the  fire  be  gentle,  the 
mofl  volatile  will  come  over  more  pure;  and 
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its  purity  will  be  lefs  as  the  heat  is  more  aug- 
mented. 

i 

But  in  thofe  bodies  which  are  combuftible, 
We  are  prcfented  with  very  different  phenomena ; 
if  copper,  for  example,  be  heated,  it  will  firft 
Ihine  with  a  red  heat,  which  will  afterwards  be 
whiter  according  as  the  heat  is  increafed,  as 
Ihewn  above ;  but  if  it  be  made  to  flame,  the 
colour  emitted  will  be  green.  Zinc  may,  in 
like  manner^  be  heated  red-hot,  and  the  red 
colour  will  become  whiter  as  the  heat  increafes. 
But  if  it  be  made  to  flame,  the  colour  is  in- 
tenfely  white.  The  flame  of  fulphur  is  blue, 
of  tallow,  yellow,  of  lamp-oil,  orange ;  and  there 
are  hardly  two  bodies  Whofe  flames  are  exactly 
alike.  Incombuftible  bodies,  therefore,  when 
ignited,  and  alfo  thofe  combuftible  ones  which 
ignite  before  they  flame,  emit  light  in  the  fol- 
lowing order ;  red,  orange,  yellow,  green,  blue, 
indigo,  violet.  But  this  is  not  the  cafe  in  com- 
buftion. 

Obs.V.  The  fubftance  which  burns  with 
the  lead  heat  of  any  that  we  know  is  phofpho- 
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rus  ;  the  colour  of  its  weak  flame  is  a  violet- 
blue,  if  I  am  rightly  informed.  Sulphur  burns 
with  an  heat  lefs  than  that  of  ignition,  and  its 
colour  (efpecially  when  the  flame  is  gentle)  is 
blue ;  alcohol  burns  with  an  heat  greater  than 
fulphur,  yet  below  that  of  ignition,  if  properly 
managed,  and  the  colour  emitted  is  blue, 
though  lefs  fo  than  fulphur. 

From  hence  it  appears,  that  as  in  ignition, 
the  red-making  rays  are  moft  copioufly  emitted 
(and  at  firft  almoft  entirely)  ;  thofe  which  are 
emitted  moft  copioufly  in  comb.uftion  are,  on 
the  contrary,  the  violet.  To  account  for  this 
difference,  the  Reader  is  requefted  to  attend  tq 
the  following  reafoning. 

It  was  fhewninthe  foregoing  fedtlons,  that 
heat  is  neceflary  to  enable  the, air  to  attraft 
the  phlogifton  from  bodies  ;  and  that  the  fire 
feparated  from  the  air  by  the  phlogifton,  ferves 
afterwards  inftead  of  extraneous  fire  to  keep 
up  the  heat  of  the  body,  and  enable  the  air  to 
continue  the  decompofition.  The  fire  expelled 
is  fo  copious  as  even  to  heat  the  body  more 
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than  is  fufficient  to  enable  the  air  to  attract  the 
phlogifton,  as  is  evident  by  the  flame  of  a  com- 
buftible  body  fetting  fire  to  a  body  which  re- 
quires a  greater  heat  than  it  to  begin  the  com- 
bullion  ;  the  intenfeneSs  of  the  heat,  therefore, 
and  the  violent  attraction  of  the  air,  will  dis- 
lodge the  phlogifton  from  the  body  fafter  than 
the  air  (efpecially  when  it  begins  to  be  fatiated) 
can  readily  combine  with  it ;  and  thofe  par- 
ticles v/hich  are  not  immediately  combined, 
attract  large  atmofpheres  of  aether,  which  render 
them  incapable  of  combination  with  air,  and 
therefore  they  are  driven  off  in  the  form  of 
light. 

Now,  as  in  ignition,  bodies  retain  the  blue 
light  moft  powerfully,  and  part  chiefly  with 
the  red,  and  other  particles  which  compofe  the 
lefs  refrangible  rays;  fo  in  combuftion,  the  air 
moft  eafily  difengages  and  attracts  the  larger 
particles,  with  which  being  firft  nigh  Saturated, 
the  fmaller  ones  remain  behind  as  the  Supera- 
bundant particles  above  Spoken  of ;  and  which, 
by  acquiring  sethcrial  atmofpheres,  become  par- 
ticles (and  are  driven  off  in  the  form)  of  light. 

The 


OBSERVATIONS. 


167 


The  flame  therefore  muft  appear  of  a  colour  on 
the  violet  fide  of  white,  as  we  find  to  be  the 
cafe  *. 

Bod  1 E  s  which  fhine  by  ignition  can,  for  rea- 
fons  juft  given,  advance  in  colour  only  from 
red,  through  a  dilute  orange  and  yellow,  to 
white,  and  can  never  pafs  from  that  white  to 
green,  blue,  and  violet  5  fo  neither  can  the 
light  of  combuftion  pafs  on  to  yellow,  orange^ 
or  red ;  but  yet  we  find  that  fome  flames  are 
tinctured  with  thefe  colours.  Thus  the  flame 
of  a  candle  is  yellow,  that  of  an  oil-lamp  orange., 
and  of  wood  red. 

But  it  muft  be  obferved  that  the  above 
rule  holds  good  only  in  thofe  flames  whofe 
heat  is  below  ignition.  When  the  heat  is  in- 
tenfe,  the  particles  which  compofe  the  vapour 

*  The  fmaller  particles  will  alfo  attract  sether  fatter  than 
the  large  ones.  The  reafon  that  light  does  not  thus  appear 
when  the  vitriolic  acid  &c.  takes  phlogifton  from  bodies  feems 
to  be,  that  by  reafon  that  the  particles  have  lefs  atmofpheres 
of  fire,  they  are  nearer  in  contact  with  the  phlogifton,  and 
therefore  by  attracting  it  prevents  its  efcape ;  or  the  lights 
expelled  may  be  too  rare  to  be  vifible  for  the  fame  reafon. 
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are  ignited,  and  the  light  which  proceeds  from 
them  is  mixed  with  the  light  of  the  combuf- 
tion ;  but  the  light  of  the  ignited  vapour  rs 
emitted  in  a  contrary  order  to  that  of  the  com- 
buftion,  the  latter  beginning  at  violet,  the  for- 
mer at  red  *  •  and  therefore  the  mixt  colour 
of  the  flame  will  be  varied  according  to  the 
degree  of  heat,  the  proportion  of  the  light  of 
the  combuftion  to  that  of  the  ignition  (which 
in  fome  cafes  will  depend  on  the  nature  and 
proportion  of-  extraneous  particles  f  in  the  va- 
pour), and  to  other  circumftances.  Thus,  the 
flame  of  wood  feems  to  be  in  the  firft  degree 
of  ignition,  or  red-hot^  and  the  proportion  of 
the  light,  to  that  of  the  combuftion,  is  fo  great 

*  As  a  farther  proof  of  the  difference  obferved,  thofe  flames 
uhich  are  ignited  are  opaque ;  but  thofe  that  are  not  ignited 
are  tranfparent.  The  flames  of  oil,  and  of  alcohol,  properly 
managed,  will  fhcw  this  to  advantage. 

■f  How  thefe  affect  the  beat  of  the  flame  (on  which  its  ig- 
nition depends)  may  be  gathered  perhaps  from  the  lafr.  feclion ; 
and  as  the  ignition  is  lefs,  its  light  is  redder,  as  was  fhewn 
above.  Different  bodies  may  ajfo,  perhaps,  have  different 
proportions  of  the  blue  light  in  their  compofition.  Some  flames 
feem  likewife  not  to  have  any,  or  but  veiy  few,  extraneous 
particles,  and  therefore  are  ftill  blue,  though  their  heat  be 
great. 

that 
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that  its  colour  is  predominant ;  the  flame  of  oil, 
though  lefs  red,  does  not  feem  to  be  much  hotter 
than  that  of  wood,  but  the  light  of  the  com- 
buftion  is  in  greater  proportion,  fo  as  to  dilute 
the  red  to  an  orange.  The  fame  may  be  ob- 
ferved  of  the  flame  of  a  candle  which  is  of  a 
dilute  yellow  ;  and  in  the  like  view  the  colours 
of  flames  of  other  bodies  may  be  confidered, 
fome  of  which  I  have  arranged  in  the  follqw-; 
jng  table, 
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Others  might  have  been  added  ;  but  even  thofe 
which  I  have  given  are  very  incorrect,  being 
fet  down  only  by  guefs  ;  and  the  table  is  offer- 
ed merely  as  a  (ketch  of  the  fubjett,  to  be  pro-, 
fecuted  by  thofe  who  have  proper  inftruments, 
and  other  conveniencies. 

It  is  to  be  noted,  however,  that  different 
parts  of  the  fame  flame  are  unlike  in  colour  : 
thus,  the  bottom  of  the  flame  of  a  candle  or 
oil-lamp  is  blue  ;  it  grows  lefs  blue  by  degrees 
till  it  ends  in  a  yellowifti  white ;  but  this  white, 
towards  the  top,  verges  towards  orange,  and 
{till  further,  towards  red  (efpecially  when  the 
flame  is  advantageoufly  difpofed),  till  it  ends 
in  unignited  vapour  or  fmoke. 

To  underftand  the  reafon  of  this  it  muft  be 
obferved,  that  at  the  bottom,  where  the  decom- 
pofition  begins,  the  light  emitted  is  only  that 
of  the  combuftion;  for  it  takes  up  fome  little 
time  to  ignite  the  particles ;  and  therefore  they 
.do  not  begin  to  emit  the  light  of  ignition  till 
they  have  afcended  fome  way  up  in  the  vapour. 
But  when  that  takes  place,  the  blue  colour  of 
the  combuftion  begins  to  be  changed,  till  at  laft 

the 
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the  mixed  colour  in  the  middle  is  of  a  yellow- 
ifh  white.  But  the  light  of  the  combuftion 
being  lefs  and  lefs  towards  the  top,  till  perhaps 
it  quite  ceafes,  and  the  furrounding  air  cooling 
the  ignited  particles  into  a  lefs  white  heat  *, 
the  colour  of  the  flame  towards  that  part  is 
more  red,  till  at  laft  the  particles  lofe  their 
mining  heat,  and  pafs  off  in  the  form  of  unig- 
nited  vapour.  When  the  wick  is  long,  and  alfo 
ignited,  the  latter  phenomena  are  more  confpi- 
cuous  ;  for  the  red  light  of  the  wick,  and  of 
the  particles  that  efcape  from  it, '  being  mixed 
with  that  of  the  flame,  tin&ures  it,  efpecially 
at  the  point,  more  highly  with  red.  In  day- 
light, or  fun-flune,  the  latter  phenomena  appear 
to  ftill  greater  advantage,  the  weak  light  of  the 
combuftion  being  then  lefs  capable  of  inter- 
rupting that  of  the  ignition. 

The  colour  of  the  light  of  the  combuftion 
of  bodies  may  be  known  by  obferving  the  bot- 
tom, where  it  is  as  yet  unaltered  by  that  of 
the  ignition,  for  rcafons  given  above.  Thus, 
if  you  faften  a  piece  of  camplure  on  a  wire,  and 
inflame  it,  holding  it  up  in  the  air,  you  will  fee 
*  Hence  the  Conic  form  of  the  flame. 

a  blue 
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a  blue  light  at  the  bottom.  The  light  of  the 
combuftion  in  all  bodies  muft  be  more  or  lefs 
blue,  becaufe  mixtures  of  the  moft  refrangible 
rays  produce  only  various  fhades  of  that  co- 
lour *. 

In  the  above  table  only  the  middle  part  of 
the  flame  is  confidered,  where  the  light  is  com- 
pound, as  in  tallow  ;  and  only  in  the  weakeft 
Hate,  where  it  is  fimple,  as  in  alcohol.  But  if 
a  quantity  of  alcohol  be  burnt,  fo  that  the 
flame  rifes  high,  the  particles  will  be  ignited. 
And  if  we  examine  the  upper  part  of  the  flame, 
and  compare  the  colour  with  what  has  been 
faid,  we  ihall  find  this  to  be  the  cafe.  The 
other  phenomena  of  the  lights  of  ignition,  and 
combuftion,  either  feparate,  or  conjoined,  may 
perhaps  be  underftood  by  profecuting  the  prin- 
ciples above  laid  down. 

Corollary  I.  Bodies  retain  a  confiderable 

*  Perhaps  even  the  ftrongeft  ignition  that  we  can  caufc 
by  our  fires  does  not  yield  a  perfe&ly  white  heat.  The 
flame  of  zinc,  however,  is  intenfely  white,  if  I  am  rightly 
informed.  The  light  of  the  ignition  is,  by  that  of  the  com- 
buftion, diluted  to  a  perfect  white. 

quantity. 
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quantity  of  particles  of  light  in  their  pores,  or 
otherwife.  Thefe  particles  are  diflodged  and 
expelled  from  thofe  bodies  by  a  proper  degree 
of  heat,  and  the  largeft  particles  moft  eafiiy,  by 
reafon  that  they  are  lefs  forcibly  retained. 
Hence  the  light  of  ignition. 

Cor.  II.  Phlogifton  combined  with  bodies 
cannot  be  expelled  by  heat  alone,  though  light 
can  ;  thus  charcoal,  heated  in  a  clofe  veffel, 
though  it  may  be  made  to  emit  light,  yet  is 
not  found  to  part  with  its  combined  phlogifton ; 
yet  the  light  of  the  combuftion  is  this  very 
phlogifton  fet  at  liberty  by  the  combined  ac- 
tion of  heat,  and  the  attraction  of  the  air.  Vide 
feftions  VII.  and  IX. 

Cor.  III.  Phlogifton  therefore  is  light  in  a 
ftate  of  combination  with  bodies,  forming  a 
conftituent  or  elTential  part  of  them.  Light  is 
phlogifton  in  an  elaftic  ftate  exifting  in  their 
pores.  As  this  laft  is  lefs  attracted  by  bodies, 
they  mine  with  a  lefs  heat :  thus  electricity 
and  certain  phofphori,  mine  with  the  ufual 
heat  of  the  atmofphere  ;  and  fome  of  the  latter, 
if  expofed  to  any  particular  fort  of  the  fun's 

rays, 
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rays,  expel  thein  again  in  the  ftiade  ;  that  is, 
the  fame  colour  which  was  forced  into  the 
body  is  afterwards  emitted  by  it,  as  its  attrac- 
tion for  fire,  which  was  diminiflied  by  the  ac- 
tion of  the  light,  returns. 

That  the  light  of  thefe  phofphori  is  what 
I  call  the  light  of  ignition  appears  by  its  colour. 
In  fome  cafes  of  eleclricity,  however,  a  blue 
light  is  obferved ;  but  this  does  not  happen 
unlefs  a  real  combujlion  takes  place,  and  that 
this  does  fometimes  obtain  is  obvious  by  an 
experiment  of  Dr.  Prieftley,  who  made  fixable 
air  with  this  fluid.    I  had  drawn  up  a  theory 
of  electricity,  and  intended  that  it  mould  have 
followed  this  fection  j  but  found,  after  I  had 
fmiflied  it,  that  it  would  fwell  the  volume  to  a 
much  greater  fize  than  was  intended.  The 
electric  fluid  appeared  to  me  to  be  phlogifton 
combined  with  earth,  already  more  intimately 
combined  with  a  confiderable  portion  of  that  prin- 
ciple; for  air  takes  it  from  that  earth,  as  ap- 
pears by  the  above  experiment  ;  neither  can 
pure  phlogifton  combine  directly  with  air,  for 
a  reafon  to  be  met  with  in  the  7th  cafe  of  the 
Vllth.  fection.  That  the  earth  is  of  this  nature 

appears 
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appears  by  the  fulphureous  or  phofphoric  fmellj 
and  by  its  changing  blue  infufions  red.  The 
quantity  of  this  earth  is  not  fufficient  to  render 
the  phlogifton  coherent ;  but  the  difference 
between  pure  phlogifton  and  electricity,  feems 
to  be  fomewhat  the  fame  as  between  pure 
and  fixable  air.  From  cafe  13  th,  fettion 
Vllth.  I  had  inferred  that  as  by  fritfion  heat  is 
generated,  it  argues  that  by  friction  the  at- 
tratfion  between  the  phlogifton  and  earth  is  in* 
creafed.  Hence  when  glafs  is  rubbed  by 
the  hand,  their  attractions  for  phlogifton  are 
both  increafed,  but  that  of  the  glafs  (being  the 
ftrongeft  electric)  moft.  The  glafs  therefore 
will  attract  it  from  the  hand,  and  the  hand 
from  thofe  conductors  which  are  in  contact 
with  it.  Yet  not  the  phlogifton,  combined  in  a 
coherent  form  in  bodies,  flows,  in  this  cafe,  to 
reftore  the  equilibrium  or  common  tempera- 
ture, but  only  that  which  exifts  in  the  pores 
in  an  elaftic  ftate.  Pure  phlogifton  will  flow 
as  well  as  the  other  ;  hence  the  eleflrical  light 
of  ignition.  By  the  friction  fome  of  this  phlo- 
gifton will  alfo,  perhaps,  be  converted  into  elec- 
tricity, being  attracted  by  the  excited  effluvia 
of  the  hand  :  and  I  had  gone  through  all  the 

principal 
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principal  phenomena  of  electricity.  If  this 
fketch  of  the  fubjeft,  and  the  prefent  work  be 
approved,  I  may  hereafter  publifh  the  original 
effay,  together  with  other  papers  on  different 
fubjects. 

In  combuftion,  and  fome  other  chymical 
mixtures,  perhaps  a  finall  part  of  the  heat  may 
be  occafioned  by  the  friction  or  percuffion  of 
fome  of  the  particles,  though  much  lefs  than  is 
at  prefent  believed  :  but  bodies  are  probably 
heated  by  light  *,  and  by  electricity,  in  great 
meafure  by  this  means  ;  and  entirely  by  it  and 
the  communication  of  phlogifton,  except  in 
cafes  where  actual  combuftion  is  caufed. 

By  the  fecond  corollary  it  appears,  that  phlo- 
gifton, when  difengaged  from  bodies  witfy 
Which  it  was  combined  in  a  coherent  ftate? 
aflumcs  the  form  of  light  ;  and  it  was  fhewn 
before,  that  fire  when  difengaged  is  the  caufe 
of  heat.  I  had  formerly  run  the  analogy  be- 
tween thefe  principles  farther,  and  imagined 
that  fire  did  not  only  exift  in  bodies  after 
the  manner  already  defcribed,  but  that  it  alfo 

*  Hence  opaque  and  denfe  bodies  are  moft  heated  by  light. 

M  combined 
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combined  with  them  in  a  coherent  form,  was 
difengaged  by  phlogiflon,  Sec.  and  then  aflumed 
its  elaftic  flate :  and  alfo,  that  it  was  transfer- 
rable  from  one  body  to  another  in  a  fixed  ftate, 
in  the  fame  manner  as  phlogiflon  #.  But  I  could 
not  find  means  to  fatisfy  myfelf  of  the  truth  of 
thefe  propositions,  and  the  mode  of  its  exift- 
ence,  which  I  have  before  fuppofed  feems  to 
agree  with  the  phenomena  of  heat  and  cold  as 
exhibited  by  the  fenfe,  and  the  thermometer ; 
but  the  truth  remains  to  be  cleared  up  by  ex- 
periments. In  the  mean  time  the  hypothecs  that 
"  phlogifcon  weakens  the  attraction  of  earth 
for  fire,  according  to  the  force  of  their  combi- 
nation," and  that  "  the  force  of  their  combina- 
tion may  be  intended,  or  remitted/'  feem  Suffi- 
cient to  account  for  the  phenomena,  whatever 

*  For  example:  I  argued  that  caufHcity  depended  on  fixed 
fire.  That  a  fixed  alcali  being  applied  in  its  mild  ftate  to 
quicklime,  the  lime  combined  with  the  fixed  air,  and  the  al- 
cali with  the  fire.  That  water  expelled  fire  from  the  vitriolic 
acid,  quicklime,  &c.  by  means  of  a  fuperior  affinity,  as  fixed 
air  is  expelled  from  mild  alcalis  by  acids.  That  fpirit  of  vi- 
triol added  to  caufiic  alcali,  the  acid  joined  with  the  alcali, 
and  the  fire  with  the  water,  the  fire  being  more  than  fufficient 
to  faturate  the  water,  &c.  Sec.  The  like  of  air.  But  thefe 
things  may  equally  obtain  on  either  luppofition,  and  whatre- 
fpe&s  cauftitfty  does  not  feem  to  be  true. 
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be  the  modes  in  which  fire  and  phlOgifton  exift 
in  bodies. 

To  the  mode  of*  its  exigence  which  I  have 
fuppofed,  it  may  be  objected,  that  if  the  particles 
of  bodies  have  the  atmofpheres  of  fire  defcribedj 
the  bodies  which  they  compofe  ought  to  repel 
each  other  like  particles  of  air  j  for  the  at- 
mofpheres of  the  particles  extending  beyond 
the  body,  will  compofe  a  repelling  atmofphere 
of  fire  about  that  body :  it  may  be  anfwered, 
that  thefe  repelling  atmofpheres  are,  naturally, 
balanced  by  means  of  electricity.  When  the 
latter  is  removed,  the  action  of  the  former  be- 
comes fenfible  ;  for  two  bodies  negatively  elec- 
trified repel  each  other  5  or,  if  the  equilibrium 
be  deftroyed  in  a  contrary  way,  by  the  attrac- 
tion in  confequencc  of  excitation,  or  by  accu- 
mulation of  ele&ricity,  thefe  repelling  atmo- 
fpheres are  equally  left  at  liberty  to  manifeft 
their  action  ;  and  the  electricity  may  even  con- 
fpire  with  it,  if  great ;  hence  the  mutual  re- 
puldon  of  two  bodies  electrified  pofitively  *, 

For 


*  Eleftric  .1  repulfion,  whether  plus  or  minus,  feems  to 
depend  on  the  atmofpheres  of  fire,  as  above.  But  ele&rieal  at- 

M  2  ifa&ion, 
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For  a  reafon  given  above,  I  cannot  now  enlarge! 
on  this  fubjeel,  and  therefore  fhall  only  add, 
that  if  the  repulfion  of  the  particles  of  air 
is  not  diminifhed  by  combuflion  fo  much  as 
might  be  expected,  the  caufe  may  perhaps  partly 
be  difcovered  from  hence ;  and  alfo  by  confi- 
dering  that  particles  of  air,  Sec.  may  probably 
be  only  bodies  made  up  of  other  particles,  thefe 
again  of  others,  Sec. ;  and  that  the  atmofphere 
of  a  whole  particle  is  made  up  of  thefe  portions 
of  the  atmofpheres  of  its  elements  which  ex- 
tend beyond  the  whole  particle.  Hence  the 
more  the  particle  is  condenfed  by  cold,  or  by 
combination  with  phlogifton,  more  fire  in  pro- 
portion will  come  into  the  atmofphere  from  its 
pores  ;  the  fire  fo  expelled  will  alfo  be  more  ex- 
panded. And  contrariwife  when  the  whole  par- 
ticle is  expanded  by  heat,  or  the  lofs  of  phlogif- 

tra&ion,  on  the  violence  with  which  bodies  attract  electricity. 
Thus,  a  non-electric  being  properly  preferred  to  a  hody  mhius, 
the  latter  attracts  the  electricity  in  the  former  (and  with  it 
the  bddy  itfelf)  fo  violently  as  to  exceed  the  mutual  repul-' 
fion  by  their  atmofpheres  of  fire.  When  the  electricity  in 
the  two  bodies  becomes  in  equilibrio,  if  the  quantities  be  na* 
tural,  the  attraction  and  repulfion  ceafe  ;  but  if  they  be  ftill 
either  plus  or  minus,  the  bodies  repel  each  other  by  means 
of  their  atmofpheres  of  lire,  as  before. 

ton, 
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ton,  the  repulfion  of  the  whole  particle  may  de^ 
pend  only  on  the  fire  in  the  atmofphere  thereof, 
But  if  we  fnppofe  part  of  the. fire  to  have  been 
fixed  %  the  folution  is  perhaps  ftill  more  eafy. 

When  air  is  applied  to  zinc,  and  to  moft 
other  combuftible  bodies,  under  proper  circum- 
ftanccs,  it  deprives  thofe  bodies  of  a  certain 
portion  of  their  phlogifton  ;  but  another  por- 
tion remains  behind,  of  which  air  cannot  de- 
prive them.  The  fixed  particles  of  bodies, 
t  herefore,  or  what  the  chymifts  call  earth,  have 
ftronger  attractions  for  phlogifton  than. even 
air,  and  therefore  are  originally  -f  more  pure 
earth  in  my  fenfe  of  the  word.  The  phlogis- 
ton which  remains,  and  which  cannot  perhaps 
be  taken  from  them  by  art,  is  Sufficient  even 
to  keep  them  coherent.  If  they  were  deprived 
of  that  extra  phlogifton,  they  would  therefore 
form  a  fluid  as  much  more  elaftic  than  our  air, 

*  May  not  the  very  condenfed  fire  next  to  the  furface  of 
an  ultimate  particle  be  faid  lo  be  fixed?  Does  fire  combine 
yvith  bodies  in  any  other  manner  than  that  above^  defqribed  3 

t  Vide,  cafe  xvii.  feft.  VII, 

M  3  as 
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as  their  attraction  for  fire  would  be  flronger, 
if  the  foregoing  reafoning  be  true. 

In  phlogiftic  atmofpheres,  the  fmalleft  par- 
ticles, being  moft  attracted,  may  immediately 
furround  the  particle  ;  thofe  which  are  larger 
next  above,  and  fo  on  to  the  largeft,  which 
may  compofe  the  external  part  of  the  atmo- 
fphere.  Hence  may  be  another  reafon  why  air 
in  combuftion  firft,  and  moft  caflly  attracts  the 
larger  particles,  as  obferved  before.  Hence  alfo 
perhaps  the  reafon  that  the  fpheres  of  cohefion 
are  fo  limited.  The  like  atmofpheres  may  be 
fuppofed  of  the  elements  of  a  proximate  par- 
ticle, of  the  elements  again  of  thefe,  Sec. ;  the 
latter  will  retain  their  phlogifton  more-  power^ 
fully  than  the  former,  as  being  lefs ;  and  their 
cohefion  will,  for  the  fame  reafon,  be  ftronger. 
This,  were  it  true,  might  enable  us  to  account 
for  what  was  obferved  in  the  laft  paragraph; 
alfo  for  the  heat  generated  by  oil  of  vitriol  and 
water,  Sec.  and  (together  with  what  was  ob- 
ferved of  the  manner  in  which  fire  is  com- 
bined) gives  us  fome  idea  of  the  internal 
{tru&ure  of  bodies. 


As"TRONpM£RS 
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Astronomers  freeze  at  the  thought  of  the 
planet  Saturn,  and  entertain  a  contrary  fenti- 
ment  with  refpect.  to  Mercury  ;  but  if  the  pro- 
portions of  fire,  Sec.  in  the  different  planets 
be  properly  adjufted,  as  their  denfities  feem.  to 
fliew,  it  may  not  be  fo  hot  in  Mercury,  nor  fo 
cold  in  Saturn  as  is  at  prefent  believed.  Whe- 
ther the  like  reafoning  may  be  applied  to  the 
fun  and  fixed  ftars  I  (See  what  was  faid  above 
concerning  phofphori.) 


SECT. 
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SECTION  X. 

Of  Refpiration,  and  Animal  Heat. 

J  FIND  by  fome  extracts  from  Dr.  Prieftley's 
publications,  that  that  great  philofopher  has 
demonftrated  that  the  ufe  of  refpiration  is  to 
carry  off  the  phlogifton  -which  the  blood  acquires 
during  its  circulation  in  the  body. 

It  feems  to  apppcar  that  there  is  a  very  clofe 
analogy  between  refpiration  and  combuftion  ; 
and  this  has  been  an  ancient  obfervation.  Dr. 
Willis  of  the  laft  century,  treating  on  the  heat 
of  the  blood,  has  this  paflage.  "  Though  it 
feems  an  hard  faying  that  the  blood  is  accendedr 
yet  feeing  we  can  attribute  its  incalefcence  to 
no  other  caufe,  why  mould  we  not  impute  it  to 
this  ?  efpecially  feeing  the  proper  pajjions  of  fire 
and  flame  agree  to  the  life  of  the  blood. 

"  For  the  chief  and  molt  effential  reqnifites 
to  continue  a  flame  are  thefe  three  :  if.  That 

a  free 
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a  free  and  continual  accefs  of  air  be  granted 
to  it  as  foon  as  it  is  kindled,  idly,  That  it  en- 
joy a  conftant  fulphureous  pabulum  or  fewel. 
And  %dly,  That  as  well  its  fuliginous  as  thicker 
recrements  be  continually  amanded  from  it  2 
and  feeing  thefe  agree  to  the  vital  flame,  as 
well  as  to  an  elementary,  it  feems  very  rational 
to  affirm  that  life  itfelf  is  a  kind  of flame" 

This  learned  and  very  ingenious  phyfician 
faw  plainly  that  there  was  an  analogy  between 
combuftion  and  refpiration  5  and  between  the 
heat  of  flame,  and  that  of  the  blood.  But  for 
want  of  proper  difcoveries  concerning  the  nature 
of  combuftion,  Sec.  his  ideas  were  more  confu- 
fed  and  obfeure.  A  little  more  light  may  per- 
haps be  thrown  on  the  fubjeft  in  the  courfe  of 
this  feclion,  and  yet  fucceeding  authors,  who 
pufh  their  inquiries  farther,  will  make  a  fimi- 
Jar  obfervation  on  what  I  have  done. 

According  to  the  difcovery  of  the  great 
philofophcr  above  mentioned,  the  blood  which 
is  brought  to  the  lungs  from  the  body,  con- 
tains a  greater  quantity  of  phlogifton  than  that 
which  goes  from  the  lungs  into  the  body.  And 

the 
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the  air  takes  this  phlogifton  from  it  in  its  paf- 
fage  through  the  lungs. 

It  appears,  by  what  was  faid  in  the  Vth. 
fection,  that  when  phlogifton  and  air  combine, 
heat  is  generated.  And  if  the  conjectures  in 
fection  VII.  can  be  depended  on,  the  heat  arofe 
from  hence,  that  the  phlogifton  by  combining 
with  the  air  weakened  its  attraction  for  fire, 
which  therefore  gravitated  towards,  or  was  at- 
tracted by,  the  bodies  around,  till  an  equilibri- 
um, with  regard  to  the  attracting  powers  of 
the  refpective  bodies,  again  took  place.  When 
therefore  the  particles  of  air  combine  with  the 
phlogifton  which  they  attract  from  the  blood 
in  the  lungs,  heat  will  in  like  manner  be  gene- 
rated :  that  is,  the  attraction  of  the  particles  of 
air  for  fire  will  be  diminifhed  as  in  combuftion. 
The  blood  which  is  carried  to  the  heart  there- 
fore will  be  hotter  tl^an  that  which  is  brought 
to  the  lungs ;  and  hence  one  caufe  of  the  heat 
of  the  blood. 

But  when  the  particles  of  blood  loft  their 
phlogifton  to  the  air,  their  attraction  for  fire, 
which  bv  cafe  7  th.  fection  Vllth.  was  weakened 

by 
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by  the  phlogifton,  will,  now  they  are  deprived 
of  that  principle,  be  again  increafed.  A  part 
of  the  fuperabundant  fire,  therefore,  will  be  at* 
tracked  by  thofe  particles  of  blood  ;  and  they 
will  be  carried  in  this  ftate  into  the  body. 

It  is  known  to  philologifts,  that  if  the  nerves 
which  ferve  any  particular  part  be  deftroyed, 
that  part  will  be  colder  than  before,  notwith- 
(landing  that  the  blood  circulates  through  it  as 
ufual.  Now  as  the  blood,  when  it  entered 
that  part  was  already  hot,  and  as,  before  the 
nerves  were  deftroyed,  the  heat  of  the  blood  was 
fupported  in  its  paffage  through  that  part,  and 
on  the  contrary,  when  the  nerves  were  deftroy- 
ed, the  blood  was  cooled  in  its  palFage  through 
it ;  it  follows  that  the  heat  of  the  blood  is  fup- 
ported in  its  paffage  through  a  part,  by  means  of 
the  nerves  by  -which  it  is  ferved. 

The  heat  in  combuftion  feemed  to  arife 
from  hence  ;  that  when  the  particles  of  air 
combined  with  phlogifton,  their  attractions  for 
fire  were  diminifhed:  may  not  the  fame  rea- 
foning  be  applied  to  the  blood  ?  as  the  blood 
in  the  veins  of  the  body  is  found  to  contain 

more 
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more  phlogiflon  than  that  in  the  arteries;  and 
as  the  heat  of  the  blood  in  the  body  appears  to 
depend  on  the  nerves,  may  we  not  argue  in 
the  manner  following  ? 

The  blood  in  its  paffage  from  the  arteries 
to  the  veins  has  phlogiflon  imparted  to  it  either 
immediately  or  mediately,  by  the  nerves.  But 
each  particle  of  blood  thus  combined  with 
phlogiflon  will  have  its  attraction  for  fire  lefT- 
ened,  analogous  to  what  happens  to  a  particle 
of  air  in  combuflion.  Heat  therefore  will  fol- 
low for  the  fame  reafon  that  it  follows  on  the 
combination  of  phlogiflon  with  air  in  combuf- 
tion,  only  in  a  lefs  degree.  The  particles  of 
blood  thus  phlogiflicated,  and  rendered  unfit 
for  the  further  purpofe  of  caufing  heat,  pafs  on 
with  the  circulation,  and  frefli  ones  {Succeed. 
When  the  phlogiflicated  particles  arrive  at  the 
lungs,  they  are  decompofed  by  the  air  which 
attracts  their  phlogiflon,  and  from  which  the 
particles  of  blood,  in  return,  take  a  quantity  of 
fire,  fo  that  they  are  again  rendered  fit  for  the 
purpofe  which  has  been  defcribed.  And  this 
feems  to  me  to  be  the  manner  in  which  the 
blood  becomes  hot. 

SECT. 
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SECTION  XI. 

Of  the  vital  and  other  motions  of  the  Body. 

T  F  fome  purpofe  of  the  laft  importance  to  the 
animal  had  not  been  defigned  by  refpiration, 
the  all-wife  Author  of  nature  would,  certainly, 
not  have  rendered  life  fo  dependant  on  that 
procefs  as  to  be  incapable  of  exifting,  even  a 
few  minutes,  without  it. 

By  the  laft  fection  it  appeared  probable,  that 
the  heat  of  the  blood  depends  on  the  nerves ; 
or  that  the  phlogifton  which  the  arterial  blood 
acquires  in  its  palfage  to  the  veins,  is  commu- 
nicated to  it  by  thofe  organs. 

All  the  vital  motion  or  functions  of  an  ani- 
mal body  are  performed,  by  means  of  the 
nerves  ;  and  all  thofe  functions  may  be  reduced 

to 
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to  the  contraction  of  the  moving  fibres  *.  I  would 
fay,  therefore,  that  for  a  nerve  to  caufe  the  ac^ 
tion  of  a  fibre,  it  is  neceffary  that  the  nerve  fiiouli 
imparl  phlogifton,  either  immediately  or  me- 
diately, to  the  blood  fioiuing.  through,  or  by  that 
fibre. 

That  there  is  a  connection  between  the 
action  of  the  fibres,  and  the  phlogiftication  of 
the  blood,  appears,  I  think,  by  the  following 
confiderations.  I.  The  heat  of  the  blood  de^ 
pends  on  the  nerves,  a?  appears  by  the  laft  fec- 
tion.  II.  According  as  more  of  the  Voluntary 
mufcles  act,  or  as  their  action  is  ftronger,  more 
blood  is  phlogifticated  in  a  given  time ;  for  the 
heat  generated  is  greater,  and  the  refpirations 
are  quicker:  and  III.  The  motion  of  the  blood 
through  a  mufcle  is  known  to  be  as  neceffary 
to  its  action  as  the  nerve  ;  for  if  the  artery  be 
tied,  the  mufcle  becomes  paralytic  as  effectually 
as  if  the  ligature  had  been  made  on  the  nerve. 

The  action  of  the  moving  fibres  may  be  di- 
vided into  voluntary,  and  involuntary  ;  feme 

*  Senfation  is  not  Aire  confitlcrcd. 

fibres 
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fibres  ferve  for  involuntary  action  alone;  others 
for  voluntary  ;  but  thofe  mufcles  which  are 
for  the  voluntary  motions  of  the  body,  are  con- 
tinually exerting  involuntary  action.  The  con- 
tractions of  the  arjteries,  the  veins,  and  other 
veffels  of  the  body  for  the  purpofeof  circulating 
the  fluids,  Sec.  are  performed  by  means  of  moving 
fibres.  The  mufcles,  membranes,  coats  of  vef- 
fels,  Sec.  are  made  up  of  fuch  fibres ;  there  is 
no  fenfible  part  of  the  body  but  what  abounds 
with  them ;  all  thefe  arc  continually  exerting 
involuntary,  and  moll  of  them  in  walking,  vo- 
luntary actions,  necefTary  to  the  life  and  well- 
being  of  the  animal.  Now,  as  there  feems  to 
be  a  mutual  dependence  between  thefe  actions, 
and  the  phlogiftication  of  the  blood,  as  the 
number  of  particles  of  blood  is  not  infinite, 
but  on  the  contrary,  only  fuch  a  quantity  can 
be  admitted  into  the  ftrutture  of  the  animal 
fabric  as  is  fumcient  to  balance  the  action  of 
the  folids,  if  there  was  no  contrivance  for  de- 
phlogiflicating  the  blood,  the  whole  mafs  would 
foon  be  rendered  unfit  for  the  purpofe  juft  de- 
fcribed,  as  well  as  of  communicating  heat,  and 
death  would  prcfently  enfue.  Nature  has  there- 
fore 
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fore  provided  the  animal  with  lungs  ;  the  blood, 
phlogifticated  as  already  related,  is  conveyed  to 
that  organ ;  the  air  in  infpiration  reftores  it  to  its 
original  purity  by  taking  from  it  its  phlogifton^ 
and  furniftiing  it  in  return  with  fire,  and  thus 
renders  it  again  fit  for  the  purpofes  of  animal 
motion  and  heat.  In  proportion  therefore  as  the 
fum  of  the  whole  a&ion  of  the  fibres  of  an  ani- 
mal is  greater,  that  is,  in  proportion  as  a  greater 
quantity  of  blood  is  phlogifticated  in  a  given 
time,  the  motion  of  the  blood  ought  to  be  in- 
creafed,  and  the  infpirations  of  air  more  fre- 
quent, in  order  that  the  reftauration  of  the 
blood  to  its  former  purity,  may  keep  pace  with 
its  phlogiftication  in  the  body. 

Now,  as  life  depends  on  the  action  of  the 
fibres,  as  above,  as  there  is  a  necefTary  connec- 
tion or  dependence  between  the  action  of  thefe 
fibres  and  the  phlogiftication  of  the  blood  ;  and 
as  from  the  great  number  of  moving  fibres  in 
the  body  in  continual  attion,  and  the  fmall 
quantity  of  blood,  the  latter  will  be  prefently 
phlogifticated,  we  have  an  idea  of  the  very 
great  importance  of  refpiration,  and  the  abfo- 

lute 
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lute  necefiity  of  it  to  the  continuance  of  life, 
as  we  find  by  experience  to  be  the  cafe;  nei- 
ther the  heat  of  the  blood,  nor  even  the  vital 
motions  of  the  fyflem  being  capable  of  exifting 
long  without  it. 
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SECTION  XII. 

■Of  the  ABion  of  the  Fibres,  or  mufcular  Motion. 

"^^HAT  has  been  faid  in  the  two  laft  fcc- 
tions  may  be  allowed,  perhaps,  to  be  in 
fome  degree  probable*   I  fhall  give  no  opinion 
with  regard  to  what  follows. 

The  idea  of  mufcular  motion,  which  I  had 
formed  to  myfelf  many  years  ago,  was,  that  by 
the  influence  of  the  nerve,  the  particles  -which 
aompofe  a  mufcular  fibre  had  their  attractive  forces 
increafed,  fo  that  they  were  drawn  nearer  toge- 
ther, but  that  as  foon  as  that  influence  ceafed,  the 
increafe  of  attraction  vanifhcd,  and  the  particles 
receded  to  their  previous  diflance  from  each  other. 
I  had  contented  myfelf  with  a  theory  in  the 
abftraft ;  but  Dr.  Prieftley's  admirable  difco- 
very  will,  perhaps,  enable  me  to  affign  the  phy- 
fical  caufe  of  this  contrattion. 

It 
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It  appears  probable  to  me,  after  an  atten- 
tive confideration  of  the  fubjec~r,  that  the  mat- 
ter or  fluid  contained  in  the  nerves  which 
ferve  for  motion,  is  the  phlogijlon,  combined  in 
a  coherent  form  with  an  earth  already  more  in' 
timately  blended  with  ' a  confiderable  quantity  of 
that  principle  ;  fo  that  their  combination  is  but 
weak  *.  Thofe  who  have  read  the  feventh  fec- 
tion  carefully  will  comprehend  my  meaning  by 
this  definition  and  therefore  I  need  not  com- 
ment upon  it.  This  matter  does  not  feem  to 
be  derived  from  the  nerve  into  the  fibre  of  it- 
felf,  or  by  propuhion,  like  the  blood;,  for  if  the 
nerve  be  tied^  it  does  not  fwell  between  the  li- 
gature and  the  brain.  The  matter  of  the  vo- 
luntary nerves  is,  I  think^  only  driven  down  by 
the  will  f.  That  of  the  involuntary  ones  is  ob- 
tained by  means  of  the  pulfe  of  the  arterial 
blood,  and  other  ftimuli  in  the  body,  by  irrita- 

*  Some  phenomena  feem  to  fhew  that  the  latter  ingre- 
dient only  is  fecreted  by  the  brain,  and  that  the  former  is  i  - 
bibed  from  the  ftomach,  &c.  That  the  nervous  fluid  is  not 
the  electrical  matter,  as  fome  have  fuppofcd,  is  plain  from  its 
not  combining  with  the  blood  in  the  manner  the  phlogifton 
in  queftion  is  found  to  do.  % 

f  Pain  is  a  ftimulus  to  thefe  nerves ;  but  then  it  is  by  its 
aft  ion  on  the  fcofory,  &c. 
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tion,  or  reflux.  Hence  perhaps  one  reafon  * 
why  the  blood  does  not  move  in  a  fmooth  un- 
interrupted courfein  the  arteries,  but  by  pulfes; 
and  hence  alfo  the  reafon  that  it  does  not  flow 
by  pulfes  in  the  veins,  the  fibrous  mechanifm 
terminating  where  the  veins  commence,  fo  that 
there  is  no  further  occafion  for  it.  The  reafon 
of  all  this  feems  to  be,  that  fuch  a  quantity  of 
matter  only  may  be  occajionally  derived  from  the 
nerves,  as  may  be  neceffary  for  the  purpofes  of 
the  animal  economy,  Sec.  which,  therefore,  is 
left  to  be  regulated  by  the  will,  by  the  pulfe  of 
the  blood  (the  force  of  which  depends  on  muf- 
cular  action),  by  heat,  and  other  ftimuli. 

Wh  en  by  the  pulfe  of  the  blood,  the  influ- 
ence of  the  will,  Sec.  a  portion  of  this  matter 
is  derived  from  a  nerve  into  a  fibre,  it  feems 
to  me  that  the  particles  of  which  the  fibre  is 
compofed,  having  a  greater  attraction  for  the 
phlogiilon,  than  the  earth  has  with  which  it  is 
already  combined,  take  the  phlogifton  from  that 
matter,  and  thereby  have  their  force  of  cohe- 

*  The  other  reafon  feems  to  be  that  the  fibres  may  be  put 
into  vibrations,  by  means  of  which  the  effecl  mentioned  is 
alfo  probably  produced.  Of  thefe  vibrations  I  may  fpeak 
more  at  large  in  future. 

lion 
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fion  increafed  ;  the  fibre,  therefore,  will  con- 
tract :  but  the  particles  of  blood  flowing  by  the 
fibre,  and  having  a  ftill  greater  attraction  for 
phlogifton,  takes  it  immediately  from  the  fibre, 
which  therefore  is  again  relaxed.  Hence,  as 
the  contraction  of  the  fibre  is  but  momentary, 
if  its  contraction  be  required-  to  be  continued 
for  a  given  time,  there  muft  be  a  continual  de- 
rivation of  matter  into  it  from  the  nerve  du- 
ring that  time  *. 

It  may  be  afked,  that  if  mufcular  motion  be 
performed  by  means  of  phlogifton  caufing  a 
temporary  increafe  of  attraction  or  cohenon  in 
the  particles  of  the  fibres  f,  why  this  indirect 

method 

*  I  endeavoured  to  account  for  mufcular  motion  by  the 
phlogiftication  and  confequent  contraction  of  the  blood  only, 
and  alfo  by  the  aether  difengaged  from  the  phlogifton  by 
the  ftronger  combination.  (Vide  fection  VII.)  But  neither 
of  thefe  by  any  means  anfwer  to  the  phenomena.  It  may  be 
obferved  that,  probably,  only  the  craflamentum,  or  its  coagu- 
lnble  lymph,  attracts  the  phlogifton  from  the  fibres.  That 
phlogifton  when  combined  brings  particles  nearer  to  each  other 
is  plain  by  its  effect  on  air,  metallic  calxes,  &c. 

+  If  an  artery  be  comprefled,  a  fenfation  of  warmth  is  per- 
ceived in  the  part  which  it  ferves  ;  but  as  the  blood  returns, 
cold  is  felt.   The  warmth  arofe  perhaps  from  the  fibres  being 

M  3  phlogifticated, 
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method  was  adopted,  and  why  the  nerves  were 
not  furnifhed  with  it  as  a  fluid,  fo  that  it  might 
have  been  derived  from  them  immediately  to 
the  fibres  ?  It  may  be  anfwered,  that  probably 
phlogifton  cannot  be  managed  thus  per  fe  -,  and 
if  it  could,  yet  the  quantity  which  a  nerve 
would  contain  would  not  perhaps  be  fufficient 
for  a  fingle  contraction  of  a  mufcle  :  whereas, 
by  this  contrivance,  a  nerve  can  contain  a  fuf- 
ficient quantity  to  laft  a  long  time.  But  there 
is,  probably,  ftill  another  reafon  ;  it  has  been 
an  opinion  of  long  {landing  that  the  parts  of 
the  body  are  nouriflied  either  wholly,  or  chiefly, 
by  the  nerves  j  for  a  part  rendered  paralytic 
by  dividing  a  nerve  waftes,  notwithstanding 

phlogUHcated,  and  the  blood  not  being  able  to  take  thephlogifton 
from  them,  by  which  their  attractions  for  fire  continued  dimi- 
nilhed.  But  when  the  blood  flowed  again,  and  attracted  the. 
phlogifton  from  the  fibres,  cold  muft  have  been  the  confe- 
quence,  by  the  theory  of  cpmbuftion  before  explained.  Alio, 
when  the  artery  only  is  cqraprefled,  the  fibres  feem  to  be  more 
rigid  or  contracted  than  naturally.  But  when  only  the  nenre 
is  comprefled,  the  fibres  feem,  on  the  contrary,  to  be  more 
relaxed.  If  the  experiments  which  I  have  made  on  myfelf 
(of  which  thefe  conclulions  are  the  refult)  can  be  depended 
on,  they  furnifh  a  kind  of  proof  of  the  theory  of  mufcular 
motion  above  laid  down.  It  is  alfo  known  that  a  mufcle  doe? 
not  fwcll  when  it  contracts. 

that 
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that  the  blood  flows  through  it  as  ufual.  If  the 
foregoing  conjecture  be  true,  the  nervous  mat- 
ter is  a  compound  of  phlogifton,  and  an  highly 
phlogifticated  earth  ;  and  each  of  thefe  ingre- 
dients may  have  their  refpective  ufes.  The  ufe 
of  the  phlogifton  may  be  to  caufe  the  contrac- 
tion of  the  fibres,  and  the  heat  of  the  blood, 
that  of  the  other  ingredient  (the  phlogifticated 
earth)  to  nourifli  the  fibres,  Sec.  not  perhaps 
alone,  but  conjointly  with  the  blood  ;  and  hence 
the  attraction  of  the  fibres  for  phlogifton  is  be- 
tween that  of  the  nervous  earth,  and  the  blood. 
Hence  alfo  the  gelatinous  nature  of  the  fibres. 
Hence  people  who  ufe  no  exercife  have  their 
flefh  more  delicate  and  fat  than  thofe  who  la- 
bour hard,  the  nervous  matter  of  the  former 
not  being  fo  liable  to  be  carried  off,  but  enters 
more  into  the  compofition  of  the  fibres  *,  and 
fome  of  it,  perhaps,  even  in  an  undecompofed 
ftate.    In  the  hands  of  a  Pringle,  or  a  Fother- 
gill,  thefe  obfervations,  and  others  which  have 
been  given,  might,  perhaps,  be  rendered  of  ufe 
in  the  practice  of  phyfic.    It  may  be  added, 
that  as  oil  of  vitriol  cannot  decompofe  char-; 


*  Hence  the  neceflity  of  reft,  or  fleep  appears, 
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coal,  fo  blood  may  not  be  able  to  decompofe  the 
nervous  matter  itfelf,  though  it  fo  readily  takes 
its  phlogiffcon  from  the  fibres.  The  nervous 
medulla  is  not  eafily  combuftible  by  air,  if  I 
remember  right,  notwithftanding  that  it  is  fo 
readily  decompofed  by  the  moyirig  fibres,  if  the 
foregoing  conjectures  be  true. 

It  may  alfo  be  objected,  that  a  longer  time 
fcems  neceffary  for  this  procefs  than  appears  to 
be  confident  with  the  inftant  contraction  of  a 
mufele  from  the  influence  of  the  will.  But 
not  to  mention  how  quick  the  tranfition  of  fo 
fubtile  a  principle  as  phlogifton  maybe  effected, 
I  could,  I  think,  clear  up  this  difficulty  by  quo- 
tations from  papers  on  the  fubject ;  but  as  that 
would  lead  me  too  far  out  of  my  way,  I  fhall 
only  obferve,  that  the  perception  which  we 
call  willing,  and  which  we  ufually  confider  as 
the  caufe  of  the  action  of  a  voluntary  mufele,  is 
only  an  effect  of  the  fame  caufe  in  the  fenfory,  by 
which  the  contraction  of  the  mufele  is  brought 
about.  And,  to  illuftrate  the  refult  by  a  fimile, 
as  when  a  man  is  mooting  at  a  mark,  and  we 
(land  near  that  mark  at  a  diftance  from  the 
man,  the  mots  are  heard  to  ftrike  againft  the  pa- 
per 
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per  as  foon  as  the  report  of  the  gun ;  fo,  for  a 
reafon  fomewhat  fimilar,  the  volition  and  the 
action,  feem  to  us  to  be  in  a  manner  cotempo- 
rary.  It  may  likewife  be  remarked  that  our 
perceptions  and  actions  are  exceedingly  flow, 
v/hen  compared  with  the  action  of  the  more 
fubtile  principles  of  nature,  as  I  may  hereafter 
explain,  if  the  prefent  work  be  approved. 

A  certain  degree  of  heat,  though  nece£- 
fary  to  a  particular  fpecies  of  animals,  is  by  no 
means  fo  to  the  animal  functions,  or  to  ani- 
mal life  in  general.  Thus  fifhes  are  as  perfect 
in  thefe  refpedts  as  quadrupeds,  though  their 
heat  be  much  lefs.  The  heat  is  neceffary  to 
the  liquifaction  of  the  blood,  and,  perhaps,  of 
the  nervous  compound ;  and  alfo,  to  enable  the 
fibres  the  better  to  decompofe  that  compound, 
and  the  blood  again  the  fibres.  It  may  here- 
after be  fhewn  that  it  alfo  probably  aflifts  in  the 
vibrations  of  thofe  fibres.  The  blood  of  fifties 
is  fluid  with  a  degree  of  heat  in  which  that  of 
quadrupeds  would  be  congealed.  Animals 
which  require  much  heat  to  keep  their  blood, 
Sec.  fufhciently  fluid,  decompofe  a  proportion- 
ally larger  quantity  of  air,  fo  that  their  blood 

may 
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may  be  more  heated  in  the  lungs,  and  a]fo  that 
its^  particles  may  carry  a  greater  quantity  of 
fire  into  the  body  to  be  extricated  by  the 
phlogifton  from  the  nerves.  Fifties,  whofe 
heat  is  required  to  be  but  little,  decompofe  a 
fmaller  quantity  of  air,  in  an  equal  time  than 
quadrupeds;  and  the  air  which  is  feparated from 
the  water  by  their  gills,  and  again  purified 
by  water,  may  be  fufficient  for  that  purpofe. 
Now  as  lefs  fire  is  feparated  from  the  blood  of 
fifties  than  from  that  of  quadrupeds,  it  argues 
that  lefs  phlogifton  is  alfo  imparted  to  the  blood 
by  their  nerves :  and  this  agrees  with  an  ob- 
fervation  of  phyfiologifts,  that  the  fibres  of  cold 
animals  are  more  irritable  than  thofe  of  hot  ones. 
The  balance  therefore  is  preferred;  for  as  lefs 
heat  is  required  to  liquify  their  blood,  Sec.  than 
in  land  animals,  fo  lefs  phlogifton  is  necelTary  tot 
t>ie  contraction  of  their  fibres, 

It  would  be  eafy  to  enlarge  on  fuch  a  fub- 
jecl:  as  this  ;  but  as  I  only  offer  what  has  been 
faid  as  fpeculation,  and  by  way  of  hint  to  be 
profecuted  by  others,  I  ftiall  not  here  purfue 
the  idea  any  farther.  I  will  only  add  a  wifli 
hat  what  I  have  offered,  may  not  give  occa- 

fion 
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fion  to  the  barbarity  of  making  experiments 
on  living  animals.  Were  I  even  certain  that 
this  theory  could  be  proved  by  making  fuch 
experiments,  I  would  not  attempt  them,  as  I 
do  not  think  we  are  by  any  means  warranted 
in  putting  animals  to  torture  to  gratify  philofo- 
phical  curiofity  :  I  would  not  be  underftood  as 
fpeaking  this  from  a  principle  of  fuperftition; 
it  is  dictated  by  my  own  feelings  :  that  man 
who  has  experienced  in  himfelf  the  extremity 
pf  pain,  muft  be  fomething  worfe  than  I  can 
imagine  to  inflict  it  on  animate,  who  are  inca- 
pable by  their  natures  of  giving  him  caufe. 
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SINCE  the  foregoing  work  was  finifhed,  a 
book  has  been  publifhed  on  the  fubje&s 
of  animal  heat,  Sec.  by  Dr.  Leflie.  The  very  fa- 
vourable account  which  the  Reviews  gave  of 
that  work,  and  the  deference  which  I  paid  to 
the  judgment  of  the  authors  of  them,  made  me 
at  firft  doubt  whether  I  had  not  proceeded  en- 
tirely on  wrong  principles  in  my  inquiries  on 
the  fame  fubjefts,  and  had  refolved  to  withhold 
either  the  whole  EfTay  on  Combuftion,  or  at 
leaft  that  part  of  it  which  treats  of  refpiration, 
Sec.  from  public  view ;  but  after  confidering 
the  matter  more  attentively,  and  comparing  the 
different  performances,  I  thought  I  difcovered 
reafons  for  imagining  that  my  arguments  were 
not  fo  fallacious  as  I  had  at  firft  concluded.  I 

was 
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was  at  length  fo  far  fatisfied  of  this,  that  I  drew* 
up  a  paper  by  way  of  refutation  of  Dr.  Leflie's 
theory,  and  intended  to  have  fubjoined  it  to 
my  Effay  j  but  after  the  work  was  in  the  prefs, 
another  performance  on  the  fame  fubjecl:  was 
put  into  my  hands,  written  by  Mr.  Craw- 
ford *,  which  contained  experiments  totally 
fubverfive  of  Dr.  Leflie's  principles,  and  there- 
fore rendered  my  refutation,  which  was  chiefly 
Ipeculative,  needlefs. 

With  refpedt  to  the  latter  performance",  I 
do  not  hefitate  to  pronounce  it  one  of  the  belt 
philofophical  pieces  that  the  prefent  age  has  pro- 
duced. I  have  no  knowledge  whatever  of  the 
Author,  any  more  than  I  have  of  Dr.  Leflie,  and 
therefore  can  have  no  other  motive  for  praifing 
his  work  than  a  fenfe  of  its  merit :  I  read  it 
with  pleafure,  not  only  on  account  of  the  new 
and  important  points  of  philofophy  which  it 
unfolds,  but  of  the  truly  ingenious  and  philofo- 
phical manner  in  which  he  has  treated  his  fub- 
jects.  We  are  here  prefented  with  a  fpecimen  of 
the  true  method  of  inveftigation  in  philofophical 

*  I  had  not  the  pleafure  of  feeing  this  excellent  work  till 
fome  time  after  it  was  publimcd. 

matters, 
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matters,  and  with  an  example  of  that  becoming 
modefty  which  always  accompanies  real  genius. 

This  juftice  which  I  do  to  Mr.  Crawford's 
performance  may  be  confidered  as  the  more  fin- 
cere  as  I  frankly  acknowledge  that  the  pleafure 
with  which  I  perufed  it  was  not  unaccompanied 
with  pain.  I  had  been  writing  on  the  fame 
fubject  ;  had  advanced  a  ftep  farther  than 
others  had  done,  and  was  about  to  make  my 
difcovery  public.  Had  I  been  fortunate  enough 
to  have  gone  to  the  prefs  before  the  ingenious 
Author  I  am  fpeaking  of,  a  fmall  degree  of  fame 
would  probably  have  been  acquired  by  the 
publication :  but  this  Gentleman  has  outfoared 
me;  he  has  completed  the  fubjett  which  I  had 
only  begun,  and  proved  by  facts,  proportions 
which  I  had  only  offered  as  conjectures.  Un- 
happily I  have  been  fo  circumftanced  that  it 
has  not  been  convenient  for  me  to  engage  in  a 
courfe  of  experiments  requifite  to  the  com- 
plete invefligation  of  a  philofophical  truth.  I 
could  only  argue  from  thole  facts  which  had 
been  publiflied  by  others,  and  from  analogy  ; 
yet  by  the  help  of  thefe  I  was  enabled  to  difco- 
ver  that  combuftion  is  a  truly  chymical  pro- 
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cefs,  and  that  it  depends  on  the  fuperioj  affi- 
nity or  attraction  between  phlogifton  and  air  : 
that  by  the  combination  of  thefe,  a  degree  of 
heat  is  generated  fufficient  to  account  for  the 
heat  and  light  of  flame,  and  for  the  continuance 
of  the  combuftion  after  once  begun.  But  the 
origin  of  that  heat  I  had  only  dreamt  of;  and 
even  my  dream  I  find  did  not  wholly  correfpond 
with  the  truth  :  yet  had  I  publifhed  firft,  I  mould 
perhaps  have  deprived  our  illuftrious  Author  of 
fome  part  of  the  glory  which  he  has  gained  by 
his  excellent  performance  :  I  mould  at  leaft 
have  had  the  credit  of  difcovering  the  propo- 
rtions eftabliflied  in  the  third  and  three  fubfe- 
quent  fedlions  of  the  EfTay,  and  perhaps  of  fur- 
nifhing  the  hint  of  the  remainder  of  the  fubjecr. 
but  Mr.  Crawford  has  fairly  got  the  ftart  of 
me. 

This,  however,  is  not  the  only  inftance  of 
two  perfons  unknown  to,  and  ignorant  of  each 
others  purfuits  happening  to  hit  upon  the  fame 
difcovery.  That  mine  were  made  independant 
of  that  Gentleman's,  appears  by  a  view  of  the 
two  performances  ;  for  it  will  be  fcen  that  we 
proceeded  on  a  very  different  rationale,  and 

that 
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that  we  arrived  at  the  fame  conclufion  by  direft 
oppofite  roads.  My  learned  and  worthy  pa- 
tron, whom  I  have  alfo  the  honour  to  call  my 
friend,  will  do  me  the  juftice  to  acknowledge 
that  my  Effay  was  in  his  hands,  and  that  I  had 
agreed  with  the  bookfeller  for  the  publifhing 
of  it  before  Mr.  Crawford's,  or  even  Dr.  Leflie's 
performance  appeared. 

I  am  weak  enough  to  confefs  that  I  mould 
like  to  hav6  had  a  (hare  in  the  honour  of  this 
difcovery,  and  perhaps  the  candid  in  the  learn- 
ed world  will  not  refufe  me  fome  credit  on 
that  head,  on  a  review  of  the  evidence  before 
them.  Yet  I  mould  not  have  publimed  this 
EiTay  after  having  read  Mr.  Crawford's  treatife, 
but  that  it  was  already  in  the  prefs,  and  that 
there  are  a  few  points  in  which  I  had  gone 
perhaps  farther  than  that  gentleman,  or  in  which 
he  does  not  feem  to  be  fufficiently  clear.  , 

The  general  caufe  of  combuftion  *,  for  ex- 

*  It  is  worth  while  to  obferve  that  extraneous  fire  may  be 
faid  to  heat  bodiei  pojitivcly ;  phlogifton,  fri&on,  &c.  uegw 

lively.- 
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ample,  as  far  as  relates  to  heat,  is  elegantly 
afligned  by  the  learned  author  ;  and  the  diffe- 
rent  proportions  of  £re  which  he  has  fhewn  to 
be  contained  in  fixed  and  atmofpherical  air,  are 
far  greater  than  I  imagined  a  priori  *.  The 
light,  the  different  colours  of  the  flames,  and 
fome  other  particulars  which  he  has  not  attend- 
ed to,  may  perhaps  be  underftood,  in  fome 
meafure,  from  my  Effay. 

"  It  is  probable,"  fays  the  ingenious  author, 
*'  that  the  vapour  of  pure  nitrous  acid  contains 
as  much  abfolute  heat  as  atmofpherical  air  ;  for 
the  power  of  the  former  in  maintaining  flame 
is  nearly  as  great  as  that  of  the  latter.  In  the 
deflagration  of  nitre,  the  acid  is  converted  into 
vapour,  which  being  the  fame  moment  combi- 
ned with  the  phlogifton  of  the  coal,  the  fire  is 

*  Had  I  meafured  the  degrees  of  heat  before,  and  during 
the  combuftion,  and  noted  the  quantity  of  air  confumed,  this 
difference  might  in  fome  meafure,  have  been  difcovered  ?  but 
through  want  of  conveniences,  I  was  obliged  to  content  my- 
felf  with  a  folution  in  the  grofs.  The  difference  of  elafticity, 
ice.  in  fixed  and  atmofpherical  air,  I  confefs,  does  not  feem 
toanfwer  to  theirquantities  of  fire,  as  difcovered  by  Mr.  Craw- 
ford; perhaps  fome  of  the  fuggeftions  at  the  end  of  the  Vllth. 
and  IXth.  fe&ions  will  better  account  for  it. 

inftantly 
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ihflantly  difengaged:  an  elaftic  fluid  is  generated, 
and  a  Idud  explofion  produced."  That  air  was 
really  contained  in  the  nitrous  acid  previous  to 
the  combuftion  *,  is  evident  from  the  fixable 
air  which  is  generated.  For  if  the  vapour  had 
been  merely  of  an  aqueous  nature^  though  it 
might  have  been  expanded  by  the  heat,  it  would 
have  been  condenfed  into  an  aqueous  liquid, 
and  not  fixable  air,  when  cold  -f- :  and  this  being 
admitted,  the  Author's  fuppofition,  that  "  the 
vapour  of  pure  nitrOus  acid  contains  as  much 
abfolute  heat  as  atmofpherical  air,"  will  appear 
to  be  true,  and  is  a  farther  confirmation  of  his 
excellent  theory. 

Mr.  Crawford  has  proved  that  phlogifton 
and  fire  are  different  fluids,  contrary  to  what 
has  hitherto  been  imagined.  I  had  attempted 
to  fhew  that  (ether  was  a  third  fluid,  different 
from  both  thefe. 

Our  Author  imagines  the  attractions  of  bo- 
dies for  phlogifton  to  be  proportional  to  the. 
degrees  of  heat  neceffary  to  begin  their  com- 


*  Vide  fcaion  VI.  f  Vide  fcaion  VII. 

O  2  bullion. 
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bullion,  and  I  once  fell  into  the  fame  error ; 
but  that  this  is  not  always  the  cafe  will,  I 
think,  appear  by  what  is  faid  on  that  fubjedt  in 
the  VHIth.  fedlion  of  my  Effay.  May  not  the 
differences  there  obferved  be  partly  owing  to 
the  different  Mates  of  the  double  affinity  > 

I  had  endeavoured  to  (hew  that  phlogiflon 
diminifhes  the  attraction  of  bodies  for  fire,  in 
proportion  to  the  force  of  its  combination  ;  and 
that  this  force  of  combination  is  capable  of 
being  intended  or  remitted  even  in  the  fame 
body.  But  of  the  latter  of  thefe  propofitions, 
Mr.  Crawford  does  not  feem  to  have  been 
apprized. 

That  Gentleman,  in  one  part  of  his  admired 
performance,  has  run  a  comparifon  between  fire 
and  fixed  air  ^  but  fixed  air  is  not  regulated  by 
an  equilibrium,  or  common  temperature,  like 
•fire  *,  neither  does  it  appear  that  fire  exifts  in 

a  loofe 

*  Fire  does  not  feem  to  cohere  w  ith,  and  form  an  efiential 
part  of  bodies  like  phlogifton,  and  fixed  air.  If  the  phlogiflon 
of  a  metal,  or  the  fixed  air  of  marble  be  taken  from  them,  the 
nature  and  conftitution  of  thofe  bodies  are  quite  altered,  or 
they  are  decompofed  ;  but  this  does  not  happen  with  regard 

f 
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a  loofe  or  feparate  ftate  like  that  fluid,  but 
is  retained  by  the  particles  of  bodies  according 
to  a  certain  law,  if  my  reafoning  be  juft.  The 
affe&ions  of  the  fenfe,  and  of  the  thermometer 
by  heat,  are  not,  I  think,  conceivable  but  by 
admitting  that  law.  (Vide  cafe  xi.  fedt.  VIII.) 
When  phlogifton  is  added  to  air,  the  fire,  ac- 
cording to  my  idea,  is  not  expelled  *,  or  does 
not  fly  off  in  the  manner  of  fixed  air  from 
bodies ;  it  would  ftill  be  retained  by  the  air, 
though  in  a  lefs  forcible  manner,  if  there  were 
no  other  bodies  near,  or  bodies  by  which  it 
was  not  more  powerfully  attracted.  If  the  bo- 
dies around  were  hotter,  it  would  even  attract 
fire  from  them ;  but  this  is  fpoken  with  fub- 
miflion  to  better  judges. 

In  regard  to  animal  heat,  I  find  by  our  ex- 
cellent Author's  experiments,  that  I  had  fallen 

to  their  fire,  at  leaft  there  does  not  feem  to  be  the  fame  kind 
of  analogy  as  between  phlogifton  and  fixed  air.  There  feems 
to  be  a  greater  analogy  between  electricity  and  fire  in  this 
refpeft. 

*  I  have  ufed  this  word  in  many  places,  but  in  fuch  a  man- 
ner as  to  carry  with  it  the  above  meaning. 

O  2  into 
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into  an  error  in  imagining  that  the  blood  i$ 
partly  heated  in  the  lungs  *.  That  heat  how- 
ever is  generated  by  the  decompofition  of  air  in 
that  organ,  appears  from  hence,  that  the  air 
■which  is  expired  is  hotter  than  that  which  is 
infpired ;  and  alfo  by  the  following  quotation 
from  our  Author's  work.  "  By  the  heat  of  the 
furrounding  medium,  the  evaporation  from  the 
lungs  is  increafed.  Now  it  may  be  fhewn,  that 
if  the  evaporation  from  the  lungs  be  increafed 
to  a  certain  degree,  the  whole  heat  which  is 
feparated  from  the  air  will  be  abforbed  by  the 
aqueous  vapour/'  And  by  the  converfe,  if  the 
evaporation  from  the  lungs  be  diminished,  the 

*  Mr.  Crawford  in  his  firft  propofition  affirms,  that  air  i? 
fitter  for  rcfpiration  in  proportion  to  the  abfolute  heat  which 
it  contains.  But  it  ought  to  be  obferved  that  air  is  rendered 
unfit  for  refpiration  by  other  means  befides  phlogiftication ;  at 
by  particles  floating  in  if  which  irritate  the  lungs,  and  the 
like ;  thus,  in  cpmbuftion  of  fulphur,  the  acid  is  as  prejudicial 
in  this  refpeft  as  the  phlogifton.  This  confideration  does  not 
feem  to  have  been  fufficiently  attended  to  of  late  ;  hut  afth- 
matic  people  daily  experience  the  juftnefs  of  the  remark.  Pure 
fixable  air  does  not  kill  by  irritating  the  lungs,  but  by  not 
carrying  off  the  phlogifton  of  the  blood.  The  falubrity  of 
air  therefore  cannot  be  determined  by  the  eudiometer  alone 
with  fufficient  accuracy. 

bloo4 
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blood  will  be  heated.  But  in  general  the  eva- 
poration from  the  lungs  is  fo  proportioned,  that 
the  heat  of  the  blood  is  not  increafed  in  palling 
through  that  organ  :  my  error  arofe  from  not 
attending  to  this  circumftance,  which  indeed 
could  not  have  been  known  but  by  experiment. 

The  only  inftance,  of  moment,  of  our  ad- 
mirable philofopher  giving  into  hypothefis  is 
with  refpedt.  to  the  origin  of  the  phlogifton  im- 
bibed by  the  blood ;  he  fuppofes  that  it  is  taken 
K  from  the  putrefcent  parts  of  the  fyftem." 
But  I  fee  no  reafon  why  the  phlogifton  from 
thefe  parts  may  not  be  difcharged  either 
wholly,  or  chiefly,  by  perlpiration,  and  by 
urine  ;  and  that  it  is  fb,  feems  apparent  by 
the  very  great  quantities  which  thefe  excre-. 
ments,  efpecially  the  former,  contain.  Neither 
does  the  neceflity  ©f  the  elaborate,  and  (to  all 
appearance)  very  important  procefs  *  which 
he  had  been  defcribing-j-,  on  this  fuppofition,  ap, 

*  Refpiration,  &c. 

•f  Hence  Mr.  Crawford  is  at  a.  loft  when  he  comes  to  ap* 
ply  his  principles  to  cold  animals. 

O  4  pear* 
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pear.  I  may  have  been  prepoffefled  in  favour 
of  my  own  hypothefis,  and  therefore  may  not 
be  a  proper  judge  of  this  matter :  as  a  proof 
of  it,  I  (hall  not  fcruple  to  confefs  that  I  felt 
myfelf  pleafed  on  finding  that  Mr.  Crawford, 
in  this  part  of  his  work,  deviated  from  my 
track  ;  I  mail  therefore  leave  the  merits  of  the 
two  hypothefes  to  be  determined  by  the  more 
impartial  Reader,  or  by  Mr.  Crawford  himfelf ; 
for  I  have  conceived  fo  good  an  opinion  both  of 
his  judgment  and  candour,  from  his  admirable 
performance,  that  I  would  cheerfully  acquiefce 
in  his  determination. 

Having  taken  the  freedom  to  point  out  an- 
others  errors,  I  mould  next  proceed  to  enume- 
rate my  own.  The  talk,  however,  would  now 
not  only  be  laborious,  but  ufelefs,  as  my  theory 
was  only  given  by  way  of  conjecture;  though, 
for  the  contrary  reafon,  it  was  proper  to  notice 
any  error  of  Mr.  Crawford.  Some  of  my  mif- 
takes  I  have  already  mentioned  ;  the  follow- 
ing, though  not  fhewn  to  be  fuch  by  Mr.  Craw- 
ford's experiments,  were  yet  difcovered  by  a 
more  ftrid  review  of  the  foregoing  Eiray  in 

confequence 
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confequence  of  that  Gentleman's  very  ingenious 
publication. 

In  the  Vllth.  fe&ion  I  adopted  Dr.  Black's 
fuppofition,  that  phlogiflon  has  a  centrifugal 
tendency,  and  thought  I  had  accounted  for  it 
by  imagining  that  its  particles  attracted  aether. 
But  though  this  mould  be  allowed,  yet  unlefs 
the  globe  of  the  earth  did  alfo,  there  would  be 
no  repulfion  between  them.  Particles  of  earth 
gravitate  becaufe  aether  is  mutually  repelled  by 
them,  and  by  the  fcerreftrial  globe  ;  and,  there- 
fore, if  phlogiflon  attracts  aether,  there  can,  at 
molt,  only  an  indifference  be  produced  in  it 
with  refpecl:  to  gravity  or  levity,  the  globe  of 
the  earth,  and  the  particles  of  phlogiflon  mu- 
tually deflroying  each  others  effects.  The  rays 
of  light,  fetting  afide  their  inflection,  which  may 
be  otherwife  accounted  for,  do  not  feem  to 
have  either  centripetal  or  centrifugal  tendency; 
or  if  they  have  either  it  does  not  appear  to  be 
in  any  considerable  degree :  the  like  may  be 
obfervcd  of  electricity,  which  I  take  to  be  phlo- 
giflon in  the  next  degree  of  purity  to  light.  If 
fire  attracts  aether,  fire  alfo  mufl  be  alike  indif- 
ferent 
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fercnfc  with,  regard  to  gravity  or  levity,  and 
this  fcems,  by  experience,  to  be  the  cafe.  There 
are  however,'  methods  of  conceiving  how  phlo- 
gifton  may  diminifh  the  gravity  of  bodies ;  or 
do  metals,  Sec.  attract  air,  when  calcined,  in 
lieu  of  their  phlogifton,  and  thereby  have  their 
weight  increafed  I  for  an  efFervefcence  attends 
the  reduction  of  thofe  calxes  *,  as  I  find  by  the 
Chymical  Dictionary  :  mould  this  latter  be  the 
cafe,,  it  would  appear  (and  it  would  be  a  little 
extraordinary)  that  error  had  led  to  me  truth. 

The  above,  as  it  has  accidentally  been  the 
fource  of  right,  fo  it  has  alfo  of  wrong  reafoning, 
as  may  be  feen  in  the  courfe  of  the  Vllth.  fec- 
tion.  I  do  not  however  find  reafon  to  reject 
the  general  fyflem  faggefted  in  that  fection  y 
and  am  ftill  inclined  to  think  that  JEt/ier,  Fire, 
Phlogifton,  and  Earth  are  the  four  principles  of 

*  Dr.  Prieftley  mews  that  dephlogifticated  air  may  be 
expelled  frorii  the  calx  of  lead.  The  dephlogifticated  air 
may  have  been  formed  of  fixed  air  which  the  calx  had  attract- 
ed, and  afterwards  decompofed.  (Vide  §  VI.) 


which 
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which  the  world  is  compofed,  (taking  alfd  into 
confideration  what  was  faid  of  their  properties 
in  page  127)  :  but  the  following  feems  to  be  a 
more  proper  arrangement  of  them,  and  of  their 
ufes.  ^ther,  and  earth,  are  mutually  repulfive; 
hence  the  gravitation  of  the  particles  of  the 
latter :  fire  and  phlogifton  are  principles  in- 
termediate to  thofe  ;  the  latter  feems  to  be 
the  principle  of  cohelion  among  the  particles 
of  earth  ;  the  former  of  their  feparation. 
Phlogifton  is  alfo  the  caufe  of  light,  fire  of 
heat,  and  on  the  various  compofitions  or  afTo- 
ciations  of  the  above  principles,  the  fenfible 
qualities  of  bodies,  and  the  phaenomonja  of  na- 
ture in  general,  feem  to  depend. 

As  I  formally  renounce  the  falfe  reafonings 
which  may  be  met  with  in  the  Vllth.  feclion, 
and  fome  other  parts  of  this  EfTay,  candour,  I 
prefume,  will  prevent  their  being  brought  in 
judgment  againft  me. 

If  any  confiderable  part  of  the  foregoing 
work  mould  have  the  good  fortune  to  be  ap- 
proved, the  errors  which  I  have  difcovered,  and 

any 
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any  others  which  may  in  the  mean  time  appear, 
would  be  omitted  in  a  future  edition.  They 
had  certainly  been  fo  in  this,  as  well  on  my 
own  account  as  the  Reader's,  had  I  feen  Mr. 
Crawford's  performance  in  time.  The  greateft 
philofophers  that  ever  lived  have  fallen  into 
errors  *,  efpecially  where  experiments  where 
wanting  to  afcertaih  the  truth ;  it  is  no  difgrace 
to  err  in  fuch  good  company,  and  as  I  make  the 
critic  my  prieft  by  confefling  to  him  my  faults, 
I  have  a  firm  faith  in  his  Supporting  the  Chris- 
tianity of  the  character  by  granting  me  abfolu- 
tion. 

*  The  recent  inftance  of  Dr.  Leflie  on  the  fame  fubjeft, 
a  gentleman  who  had  every  advantage  over  me  in  point  of 
information,  might  be  urged;  and  alfo  the  opinion  of  the 
gentlemen  concerned  in  the  Reviews  on  his  performance. 
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P.  S.  Does  not  Dr.  Prieftlcy's.  difcoveiy  of 
<(  light  dccompofing  fixed  air  in  water."  depend 
on  the  principle  laid  down  in  the  XVth.  cafe, 
and  applied  to  friction,  percuffion,  &c*  at  the 
end  of  the  IXth.  fection  ■  arc  there  not  in  the 
water  particles,  either  of  the  water  itfelf,  or 
of  more  fixed  fubfhances,  which  have  origi- 
nally flronger  attractions  for  phlogiflon,  than 
the  particles  of  air  ?  do  not  the  rays  of  light, 
by  their  action  on  thofe  particles,  increafe 
their  attractions  for  phlogiflon,  and  thereby 
enable  them  to  take  it  from  the  particles  of  air 
contiguous  or  perhaps  in  combination  with 
them,  agreeable  to  the  principles  above  alluded 
to?  hence  heat  has  not  this  effect:.  It  Teems 
therefore  to  be  analogous,  in  principle,  to  the 
decompofition  of  fixed  air  by  agitation  with 
water,  a  former  clifcovery  of  that  excellent 
philofopher. 

I  H  a  v  e  fuppofed  in  page  195,  that  the  phlo- 
giflon is  derived  to  the  nerves,  not  from  the 

*  That  is,  to  the  putting  the  particles  of  bodies  into  vibra- 
tions ;  though  the  heat  is  not  the  immediate  effect  of  thefe 
vibrations,  as  has  been  imagined,  but  as  explained  in  fection  IX. 

brain, 
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brain,  but  from  the  chyle  in  the  various  parts 
of  the  body  ;  as  the  chyle  is  agitated  in  and 
againfl  the  veflels,  may  not  this  be  brought 
about  on  the  fame  principle  ?  Dr.  Leflie  advan- 
ced a  proportion,  that  "  by  the  action  of  the 
veffels,  the  phlogiflon  of  the  chyle  is  gradually 
evolved  throughout  the  body."  There  feems  to 
be  fome  truth  in  the  opinion,  though  that 
Gentleman,  imagining  phlogiflon  and  fire  to  be 
the  fame,  erred  in  the  confequences  which  he 
drew  from  it.  If  the  above  be  the  true  Hate  of 
the  cafe,  and  if  what  is  advanced  in  the  three 
lafl  feclions  of  my  EfTay  be  juft,  the  phlogiflon 
is  transferred  from  the  chyle  to  the  nerves,  from 
the  nerves  to  the  fibres,  from  the  fibres  to  the 
blood,  and  from  the  blood  to .  the  air.  Some 
other  operations  of  nature  may  probably  depend 
on  the  fame  principle. 


THE  END. 


